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C H A P T E R I 
I N T R O D U C T I O N 
I n t r o d u c t i o n . 
Physical Education as a subject i n Eng l i s h s t a t e schools i s 
very young, the f i r s t o f f i c i a l s y l labus being compiled i n 1904. 
This century has already seen i t s development from the age of the 
sergeant-major-cum-janitor of the e a r l y p h y s i c a l t r a i n i n g days, 
who used Swedish and Danish d r i l l , t o the modern, co l l e g e t r a i n e d , 
p h y s i c a l e d u c a t i o n i s t who has entered i n t o f u l l p a r t n e r s h i p w i t h 
h i s teacher-colleagues i n the nation's schools. One r e s u l t of 
t h i s r a p i d development i s t h a t claims are o f t e n made concerning the 
value of the subject which are i n urgent need of s u b s t a n t i a t i o n 
before they can be f u l l y accepted or indeed r e j e c t e d . Some of 
the claims made, judging from p h y s i c a l education l i t e r a t u r e , 
include the f o s t e r i n g of good c i t i z e n s h i p , democratic outlook, 
moral r e c t i t u d e , good h e a l t h and posture, self-mastery, and even, 
by some p r o t a g o n i s t s , s p i r i t u a l grace. There i s also the stand-
a r d c l a i m t h a t h e a l t h y bodies w i l l i n t u r n make h e a l t h i e r minds. 
What t h i s means and how i t occurs has y e t t o be s c i e n t i f i c a l l y 
explained. I n f a c t the whole s t r u c t u r e of p h y s i c a l education, 
i t s aims, and p a r t i c u l a r l y i t s claims, i s r i p e f o r s c i e n t i f i c 
i n v e s t i g a t i o n . 
Physical education has earned educational r e s p e c t a b i l i t y i n 
the schools, but has not yet i n England f u l l y earned academic 
r e s p e c t a b i l i t y , o n l y Birmingham U n i v e r s i t y having so f a r recog-
n i s e d the subject by i n s t i t u t i n g a degree course i n which i t i s 
inclu d e d . The p o s i t i o n i s very d i f f e r e n t i n the United States 
of America, where every major u n i v e r s i t y has i t s p h y s i c a l 
education department which i s at l e a s t equal i n importance t o 
any other s u b j e c t . I n f a c t although there are a few research 
workers i n p h y s i c a l education i n n e a r l y every country, the United 
States has by f a r the most and the research workers of t h a t 
country have been responsible f o r n e a r l y a l l the major develop-
-m'ents I n s c i e n t i f i c i n v e s t i g a t i o n and the t e s t i n g programmes so 
f a r i n existence. 
To quote Postma ( 1 ) : 
" I n every mature s c i e n t i f i c s u b j e c t , we f i n d , g e n e r a l l y 
speaking, three kinds of people: p r a c t i c a l workers, 
engineers (the l i n k s between science and p r a c t i c a l work) 
and research workers, e.g. nurses - general p r a c t i t i o n e r s -
l a b o r a t o r y research workers; labourers - engineers -
s c i e n t i s t s ; or teachers - inspectors - professors of 
education. Only i f s u f f i c i e n t numbers of s c i e n t i f i c 
workers have been t r a i n e d , can a subject be c a l l e d mature 
and the theory be recognised as a branch of science". 
Fostma concludes: 
"About h a l f the f i e l d s of the theory of p h y s i c a l education 
are w e l l developed, the other h a l f however have not y e t 
made so much progress, one cannot unreservedly say t h a t 
the theory of p h y s i c a l education i s s c i e n t i f i c a l l y mature. 
On the other hand one can ask the question: have more 
mature realms of science, l i k e physics or h i s t o r y , no 
undeveloped f i e l d s of research?" 
Physical e d u c a t i o n i s t s i n England have u n t i l the l a s t decade 
been r e l u c t a n t t o use o b j e c t i v e t e s t s , . o r Indeed s c i e n t i f i c 
method i n t h e i r work, p r e f e r r i n g e n t i r e l y s u b j e c t i v e assessments 
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of success or f a i l u r e mainly because t e s t i n g programmes have not 
h i t h e r t o been given an important place i n College courses. Now 
some colleges which s p e c i a l i z e i n p h y s i c a l education have "become 
a l i v e t o the n e c e s s i t y of a more s c i e n t i f i c approach, and l e c t -
u r e r s , some of whom have been t r a i n e d i n America, have been 
appointed whose purpose i t i s t o i n v e s t i g a t e the claims made f o r 
p h y s i c a l education and formulate t e s t s and measurements which 
w i l l help p h y s i c a l e d u c a t i o n i s t s i n the same way t h a t standard-
i s e d attainment, d i a g n o s t i c , general a b i l i t y , s p e c i a l a p t i t u d e , 
a t t i t u d e and p e r s o n a l i t y t e s t s help the general educator. I t i s 
one area of t h i s l a r g e f i e l d , the measurement of gross motor 
a b i l i t y , which i s the concern of the present study. 
The need f o r o b j e c t i v e t e s t i n g i n p h y s i c a l education i s 
g r a p h i c a l l y i l l u s t r a t e d by a study of Kraus and Hirschland (2) 
i n 1954. They compared the s t r e n g t h and f l e x i b i l i t y of t r u n k 
and l e g muscles between samples of European and American c h i l d r e n , 
using a s e r i e s of w e l l known p h y s i c a l a c t i v i t i e s . One t a b l e of 
t h e i r r e s u l t s reads:-
'Austrian I t a l i a n Swiss American 
Number t e s t e d 678 1036 1156 4264 
F a i l u r e ( C h i l d r e n f a i l i n g 
at l e a s t one t e s t ) 9.5$ 8% 8.8% 57.9% 
Incidence of F a i l u r e 
(Number of t e s t s f a i l e d ) 9.7% 8.5% 8.9% 80% 
However one i n t e r p r e t s these r e s u l t s the author of t h i s 
study would suggest t h a t they must have s t a r t l e d American 
p h y s i c a l e d u c a t i o n i s t s . 
Adamson (3) working i n Leeds about the same time, and 
using a sample of grammar school boys and u n i v e r s i t y students, 
made a comparison of scores recorded on s t r e n g t h t e s t s of various 
kinds by American and E n g l i s h males of the same age groups. He 
found t h a t only 15$ of h i s English sample a t t a i n e d what the 
Americans considered t o be normal scores. One example was t h a t 
many English boys could not attempt p u l l - u p s on a h i g h bar where 
the s t a r t i n g p o s i t i o n demanded t h a t t h e i r f e e t should be c l e a r of 
the ground. Adamson concluded t h a t inadequacy of s t r e n g t h t r a i n -
i n g i n schools was responsible f o r t h i s s t r e n g t h d e f i c i e n c y . 
I n a l a t e r study Reid (4) sent a q u e s t i o n a i r e t o 120 schools i n 
which the question, "What are your aims i n p h y s i c a l education?" 
was asked. 76.4$ of the schools who r e p l i e d l i s t e d as a main 
aim the development of p h y s i c a l f i t n e s s . Reid l a t e r commented 
on the f a c t t h a t "Only a very small p r o p o r t i o n of the schools 
seem t o make any attempt t o assess s c i e n t i f i c a l l y any standard 
of p h y s i c a l f i t n e s s " . 
Comparing Adamson's r e s u l t s w i t h those of Eraus and Hirsch-
-land, i t i s d i f f i c u l t not t o come t o the f u r t h e r conclusion 
t h a t E n g l i s h boys of the sample compare unfavourably w i t h 
American c h i l d r e n and by inference most unfavourably w i t h the 
other European n a t i o n a l i t i e s quoted i n the Kraus and Hirschland 
t a b l e , so f a r as s t r e n g t h i s concerned. G-lover (5) also 
demonstrated t h a t boys' s t r e n g t h t r a i n i n g i n Manchester secondary 
modern schools i n 1954 was less than adequate, and s a i d about 
the modern school boy, "His arm, shoulder and abdominal s t r e n g t h 
may w e l l be h i s sole c o n t r i b u t i o n towards f u r t h e r l i v e l i h o o d 
earning". 
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One of the f i r m e s t h e l d "beliefs i n p h y s i c a l education has 
been t h a t a systematic course of remedial exercises could 
permanently b e n e f i t an i n d i v i d u a l ' s posture d e f e c t s , y e t Cureton 
(6) i n h i s 1947 study, found l i t t l e r e l a t i o n s h i p between posture 
and performance i n normal populations and concluded t h a t there 
was no evidence t h a t good posture, or indeed bad posture, i s a 
c a r r y over e f f e c t from p h y s i c a l education lessons i n schools. 
I f the r e s u l t s of the growing number of o b j e c t i v e t e s t s 
which have been c a r r i e d out i n the f i e l d of p h y s i c a l education 
are accepted as v a l i d , then i t f o l l o w s t h a t p h y s i c a l education 
schemes must be amended t o take advantage of the knowledge 
gained from them. I t also f o l l o w s t h a t f u r t h e r o b j e c t i v e t e s t s 
i n a l l f a c e t s of p h y s i c a l education w i l l h e l p t o show the way t o 
f u r t h e r improvement* I t appears t o the author t h a t the need f o r 
a f o u n d a t i o n of p h y s i c a l e f f i c i e n c y i s becoming ever more import-
-ant w i t h s o c i a l advances which b r i n g sedentary modes of l i f e 
t o ever i n c r e a s i n g numbers of people . I n the past the mass of 
the lower mental a b i l i t y groups have earned t h e i r l i v i n g by the 
use of p h y s i c a l e f f o r t and s k i l l s , and an e f f e c t i v e programme 
of body b u i l d i n g has always been u s e f u l f o r t h i s reason. Wow 
the advent of quicker and more r e a d i l y a v a i l a b l e t r a n s p o r t , 
automation and sho r t e r working hours i s making l i f e physicallyA 
much easier at the a d u l t stage, and the f o r m a t i v e years a t school 
are becoming, p a r a d o x i c a l l y , even more important t o p h y s i c a l w e l l 
being* The average schoolboy of today i s f a s t reaching a 
p o s i t i o n comparable w i t h the t r a d i t i o n a l p u b l i c schoolboy, a 
b i g p a r t of whose education was concerned w i t h p h y s i c a l s k i l l s . 
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Mainly these s k i l l s were taught f o r "character t r a i n i n g " , but 
i t i s o f t e n f o r g o t t e n t h a t s o c i a l l y p r i v i l e g e d boys were i n need 
of the p h y s i c a l hardening which was a b i - p r o d u c t of t h e i r comp-
- u l s o r y games. For the reasons s t a t e d above the e f f i c i e n c y of 
p h y s i c a l education programmes i n producing the r e s u l t s necessary 
f o r modern l i f e needs t o be i n v e s t i g a t e d i n the l i g h t of accepted 
s t a t i s t i c a l methods. 
Reading through the f i l e s of the N a t i o n a l Foundation f o r 
Educational Research (7) from 1918 t o 1961 the author could f i n d 
l i t t l e evidence of any work being done i n B r i t a i n on the measure-
-meht of gross motor a b i l i t y , but the q u a r t e r l y r e p o r t s of the 
American A s s o c i a t i o n f o r Health and Physical Education of the 
same p e r i o d c o n t a i n many studies which have I n v e s t i g a t e d the 
p o s s i b i l i t i e s of measuring t h i s a b i l i t y . I t has t h e r e f o r e been 
necessary t o look mainly t o American sources f o r the background 
to the present study. One of the g r e a t e s t problems i n reading 
the work of other researchers, p a r t i c u l a r l y i n the American world, 
i s the l a c k of s t a n d a r d i s a t i o n of terms. D i f f e r e n t researchers 
have coined t h e i r own expressions f o r the same t h i n g and cohver-
•f-sely On other occasions the same words have somewhat d i f f e r e n t 
meanings. I t has t h e r e f o r e been necessary t o c a r e f u l l y d e f i n e 
the meanings of words arid phrases i n order t o a s c e r t a i n wherever 
possible e x a c t l y what the researcher Intended them t o mean. Two 
terms e s p e c i a l l y need t o be de f i n e d f o r the purposes of the 
present study: 
The motor a b i l i t y of an i n d i v i d u a l i s the capacity, t a l e n t or 
s k i l l of the i n d i v i d u a l t o perform p h y s i c a l a c t i v i t i e s . 
8. 
Obviously a t e s t of motor a b i l i t y i s mainly, but not e n t i r e l y , 
a measure of p h y s i c a l e f f i c i e n c y a t the time of t e s t i n g . 
Motor e d u c a b j l l t y says McCloy (8) i s the a b i l i t y t o l e a r n 
motor s k i l l s e a s i l y and w e l l . I t corresponds, i n the area 
of general motor s k i l l s , t o i n t e l l i g e n c e i n the area of 
classroom s u b j e c t s . Tests of motor e d u c a b i l i t y w i l l , t h e r e f o r e 
be p r e d i c t i v e t e s t s . 
Motor a b i l i t y has been d i v i d e d i n t o two sections by most 
researchers as i t has become f a i r l y w e l l e s t a b l i s h e d t h a t there 
i s l i t t l e s i g n i f i c a n t c o r r e l a t i o n between f i n e and gross motor 
a b i l i t i e s . Groups of psychologists have st u d i e d f i n e motor a d j u s t 
ment, and have produced t e s t s which give i n d i c a t i o n s of the 
possession of the type of s k i l l u s e f u l i n many occupations which 
demand f i n e adjustment, l i k e t y p e w r i t i n g , draughtsmanship, and 
p i l o t i n g an aeroplane. The f i e l d w i t h which the present study 
i s concerned i s the wider, but as y e t more neglected, one of 
larg e muscle a c t i o n s , such as running, jumping, v a u l t i n g and 
c l i m b i n g , which we c a l l gross motor movements. For reasons which 
w i l l be s t a t e d throwing, c a t c h i n g , k i e k i n g and h i t t i n g s k i l l s , 
which are i n v o l v e d i n b a l l games, are not wit h i n ; • the compass of 
the study* 
C H A P T E R I I 
STATFiMEWT QF THE PROBLEM 
i o . 
Statement of the Problem. 
There I s , so f a r as the author has been able t o a s c e r t a i n 
by ah I n t e n s i v e study of recorded past research, only one 
B r i t i s h t e s t which purports t o measure gross motor a b i l i t y (5) 
and t h i s i s r e s t r i c t e d i n scope t o secondary modern school boys 
I n the Manchester' area. i n t h i s respect we are f a r behind the 
Americans who have since the 1920 fs been studying the subject 
i n schools, colleges and u n i v e r s i t i e s , a t the same time f o r m u i -
- a t i n g t e s t s t o measure e i t h e r general gross motor a b i l i t y or 
prescribed areas of t h i s wide f i e l d * . The main aim of the 
present study I s t o produce a t e s t b a t t e r y capable of measuring 
a c c u r a t e l y the gross motor a b i l i t y of boys and g i r l s who have 
j u s t entered the secondary stage of t h e i r education and who w i l l 
have u s u a l l y been c l a s s i f i e d i n some way according t o t h e i r 
academic a b i l i t y . 
The measurement of i n t e l l i g e n c e and measures of attainment 
I n the various academic subjects have become an I n t e g r a l p a r t 
of the educational system of t h i s country and t h e i r values are 
g e n e r a l l y recognised, p a r t i c u l a r l y f o r the purpose of de c i d i n g 
which secondary course i s t o be f o l l o w e d , even though the 
recent t r e n d i s t o d i s g u i s e the f a c t t h a t they are being used. 
"T!ous research has shown t h a t w i t h i n the range of n o r m a l i t y 
« only a s l i g h t and i n s i g n i f i c a n t c o r r e l a t i o n between 
i \ . .... 
/ \e and gross motor a b i l i t y , t h e r e f o r e the p h y s i c a l 
/ \ 
"^Ce /i i s faced w i t h the problem of teaching classes which, 
Kpfen formed by considering academic a b i l i t y o nly, w i l l 
/•obably Include such a wide range of motor a b i l i t y t h a t a 
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classroom teacher faced w i t h a s i m i l a r academic range would 
consider the e f f i c i e n t teaching of such a class v i r t u a l l y imp-
- o s s i b l e . I n a d d i t i o n the vast m a j o r i t y of secondary schools 
draw t h e i r annual i n t a k e from a v a r i e t y of primary schools i n 
which the teaching has i n a l l p r o b a b i l i t y v a r i e d i n standard, 
the c o n d i t i o n s have been v a s t l y d i f f e r e n t , and the time a l l o t t e d 
t o p h y s i c a l education has also v a r i e d , so t h a t the p o t e n t i a l 
success of the p u p i l s i n the common secondary school course i s 
not r e a d i l y assessable by s u b j e c t i v e measures. As a secondary 
aim the present study w i l l examine the p o s s i b i l i t i e s of measur-
i n g motor e d u c a b i l i t y by an a p p r a i s a l of past American research 
and the s e l e c t i o n of what i s thought t o be the most s u i t a b l e 
t e s t f o r t h i s purpose. The chosen t e s t w i l l be examined s t a t i s -
t i c a l l y using a comprehensive B r i t i s h sample of the s t a t e d age 
range. 
The author b e l i e v e s t h a t i n order t o make p h y s i c a l education 
programmes as e f f e c t i v e as possible and t o c o n t r i b u t e s i g n i f i c -
- a n t l y t o the happy growth of each i n d i v i d u a l p u p i l by under-
-standing and Catering f o r each c h i l d ' s needs, a programme of 
measurement i s necessary now and w i l l become even more so as 
secondary schools continue t h e i r present t r e n d of becoming 
l a r g e r and more impersonal i n character. We have become accust-
-omed since 1944 t o t a l k i n g about kinds of secondary education 
t h a t are s u i t e d t o the age, a b i l i t y and a p t i t u d e of the c h i l d r e n 
concerned. We know about age* of course, and can measure i t 
w i t h some accuracy, but a b i l i t y and a p t i t u d e and t h e i r measure-
-ment are r a t h e r more complex problems. I f attainment i s 
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included, as w e l l , we have three c h a r a c t e r i s t i c s t h a t obviously 
have common fe a t u r e s and whose d i s s i m i l a r i t i e s are not obvious 
t o the s u p e r f i c i a l glance or so sharply focussed as they might 
be. The author suggests t h a t there i s some j u s t i f i c a t i o n i n the 
f i e l d of motor a b i l i t y f o r t r e a t i n g attainment as ah i n c l u s i v e 
term which embraces the other two. When i t comes t o assessing 
p h y s i c a l q u a l i t i e s i t i s only the p u p i l ' s attainment, or should 
we say performance, a t the p a r t i c u l a r moment of the t e s t t h a t 
i s i n f a c t measurable. We f i n d out what s k i l l s the p u p i l has 
acquired by examining present performance, t h a t i s by assessing 
w i t h what success he can reproduce and demonstrate h i s s k i l l s . 
Although a l l t e s t s can i n some ways be described as measures of 
attainment the term tends t o be reserved f o r performance w i t h i n 
a p r e c i s e l y d e f i n e d area such as Mathematics or English* I n t h i s 
case the attainment measured i s t h a t of boys and g i r l s i n perfbrm-
- i n g gymnastic a c t i v i t i e s which demand a degree of complex 
muscular a c t i v i t y . By an a b i l i t y we r e f e r t o a group of s k i l l s 
which may w e l l ignore the boundaries of a pr e s c r i b e d area and 
may be c a l l e d i n t o p l a y i n a much l a r g e r v a r i e t y of a c t i v i t i e s . 
The author's i n t e n t i o n i n the present study i s t o measure the 
gross motor a b i l i t y of h i s sample by d e v i s i n g p h y s i c a l t e s t s 
which w i l l i n d i c a t e the degree of possession of gross motor 
a b i l i t y w i t h i n the pre s c r i b e d f i e l d of a c t i v i t y , which i s indoor 
gymnastics. However* the s k i l l s measured w i l l probably overlap 
i n t o a t h l e t i c s and swimming, and t o a smaller extent t o the 
massive b o d i l y movements i n v o l v e d i n the p l a y i n g of major games. 
B a l l s k i l l s : are outside the scope of the study owing t o the 
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author 's "belief from h i s experience arid ah a p p r a i s a l of past 
research t h a t gross motor a b i l i t y i t s e l f may be d i v i d e d i n t o two 
major f i e l d s , one i n v o l v i n g the throwing and k i c k i n g of " p r o j e c t -
- i l e s " of various kinds and the other the manipulation of the 
body i n space. The word a p t i t u d e means something r a t h e r d i f f e r -
e n t and i n d i c a t e s p r e d i c t i o n or prophecy. Although a p u p i l 
may never have been i n a gymnasium before he s t a r t s h i s secondary 
school career the present study w i l l hope t o i n d i c a t e t h a t i t i s 
p ossible t o p r e d i c t c o n f i d e n t l y t h a t when he does he w i l l be 
successful or otherwise. The author proposes t o do t h i s by 
i n d i c a t i n g the appropriate f a c t o r s which w i l l b r i n g success i n 
the secondary course and a f t e r measuring these as a b i l i t i e s and 
attainments r e f e r r i n g t o them i n t h i s context as measures of 
a p t i t u d e . 
Obviously the best time t o administer t e s t s of gross motor 
a b i l i t y i s a t the s t a r t of the secondary school career. Some 
American researchers claim t h a t i t i s worthwhile t o spend up t o 
one t e n t h of t h e i r time i n the f i r s t year t o t e s t i n g and measur-
- i h g the various a b i l i t i e s arid a p t i t u d e s of t h e i r p u p i l s . The 
present author's aim i s t o develop t e s t s which r e q u i r e as l i t t l e 
time, equipment and a d m i n i s t r a t i o n as p o s s i b l e , c o n s i s t e n t w i t h 
the attainment of s u f f i c i e n t accuracy t o make u s e f u l I n d i v i d u a l 
assessments, which w i l l c e r t a i n l y enable accurate homogeneous 
groupings t o be formed f o r the Indoor p h y s i c a l education programme. 
I n America the p r o f e s s i o n a l school a u t h o r i t i e s continue t o c i t e 
the need f o r a more r e f i n e d grouping of p u p i l s i n p h y s i c a l 
education t o i n d i v i d u a l i z e I n s t r u c t i o n and reduce h e t e r o g e n e i t y 
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w i t h i n groups. Various p l a n s of homogeneous c l a s s i f i c a t i o n have 
been advocated based on some degree of s i m i l a r i t y among i n d i v i d -
u a l s , the u s u a l method being some form, of a b i l i t y grouping. The 
values of t h i s homogeneous grouping i n c l u d e the achievement of 
higher performance standards, the ready formation of teams of 
more or l e s s equal a b i l i t y f o r competitive purposes, arid the 
p o s s i b i l i t y of more per s o n a l i n s t r u c t i o n aimed a t the improvement 
of i n d i v i d u a l weaknesses brought out by the t e s t s . A f a i r summary 
of the previous r e s e a r c h i n t o homogeneous grouping shows t h a t on 
balance the slowest p u p i l s are most helped by such groupings. 
D i f f e r i n g r e s u l t s have been obtained regarding the comparative 
values which might accrue to b r i g h t p u p i l s , but the comments of 
p u p i l s i n the 1951 study of Lockhart and Mott (9) are most 
i l l u m i n a t i n g : -
"Comments of the Superior Group: 
1. I l i k e the s p e c i a l c l a s s , i t g i v e s me i n c e n t i v e to t r y 
harder... 
2. The whole group was more s k i l l e d , q u icker to respond 
and more i n t e r e s t e d . 
3. I t i s more fun and you seem to accomplish more when 
no one i s holding the group back. 
Comments of the I n f e r i o r Group; 
1. I t r y harder s i n c e I don't f e e l I am making a f o o l of 
myself compared to those who are a l o t b e t t e r . 
2. I n t h i s group I don't f e e l so i n f e r i o r or unable to 
do t h i n g s . 
5. I t b u i l d s my s e l f - c o n f i d e n c e i n p l a y i n g w i t h those who 
are near my equal." 
There are s p e c i a l problems involv e d i n the c o n s t r u c t i o n 
of gross motor a b i l i t y t e s t s which must be considered g e n e r a l l y 
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before the work of d e v i s i n g the t e s t b a t t e r y begins. These may 
be summarized as f o l l o w s : -
1. A t e s t to be r e t a i n e d i n the f i n a l b a t t e r y .must o f f e r ho 
p o s s i b i l i t y of i n j u r y to any c h i l d . 
2. Items must c l e a r l y d i s c r i m i n a t e between grades of performance 
throughput the range from poor to s u p e r i o r . A wide range of 
scores on an i n d i v i d u a l item i s considered to be important. 
3. Consideration must be given to s i m p l i c i t y of terms used which 
must be e a s i l y comprehensible to each p u p i l and to methods of 
ensuring c l e a r and e f f e c t i v e demonstration of s k i l l s where these 
are n e c e s s a r y . 
4. A d m i n i s t r a t i v e d i f f i c u l t i e s which might i n t e r f e r e with the 
performance l e v e l must be e l i m i n a t e d . 
5. The equipment used must be g e n e r a l l y a v a i l a b l e or r e a d i l y 
improvised. Items i n v o l v i n g the s i m p l e s t of equipment or no 
equipment a t a l l are the most d e s i r a b l e as hot every school has 
the same equipment* 
6. I n g e n e r a l , items which prove most r e l i a b l e i n the t e s t -
r e t e s t s i t u a t i o n are h e l d to be superior items. i t .must be 
noted here t h a t there are s p e c i a l d i f f i c u l t i e s a r i s i n g from the 
high p r a c t i c e e f f e c t of both the Iowa Brace and Johnson t e s t s 
which are concerned w i t h the measurement, of motor e d u c a b i l i t y . 
7. Tests should conform to the o b j e c t i v e s sought i n the p h y s i c a l 
education programme and to the experience and p h y s i c a l develop-
-ment of the t e s t s u b j e c t s . 
8. To maintain i n t e r e s t and ensure the d e s i r e d maximum e f f o r t , 
as many of the s u b - t e s t s as p o s s i b l e should appeal to the 
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competitive i n s t i n c t s of the s u b j e c t s . 
9. The sample should be chosen from, every type of secondary 
school, t h a t I s Grammar, Comprehensive, T e c h n i c a l , Modern and 
S p e c i a l , and t h e r e f o r e from as wide a range, of a b i l i t y as 
p r a c t i c a l l y p o s s i b l e . 
10. The schools chosen should be s i t e d i n as many d i f f e r e n t 
types of l o c a l i t y as p o s s i b l e , some i n the c i t y , some i n small 
towns, some i n r u r a l a r e a s . Past r e s e a r c h has I n d i c a t e d t h a t 
c o n siderable v a r i a t i o n s of performance may be a n t i c i p a t e d 
between say, a school I n the centre of a l a r g e c i t y and one I n 
a remote country a r e a . 
To sum up the chapter, the author b e l i e v e s t h a t measure-
r-ments of s t a t u s and progress i n p h y s i c a l development are both 
f e a s i b l e and e s s e n t i a l and t h a t t e s t s should conform to the 
o b j e c t i v e s sought i n the p h y s i c a l , education programme. The 
res e a r c h e s which support the viev;s expressed i n t h i s chapter 
have been comprehensively summarised i n the ensuing c h a p t e r s . 
C H A F T E R I I I 
ON THE RELATIONSHIP BETWEEN MENTAL ABILITY, MOTOR 
ABILITY AND,.PHYSICAL CHARACTERISTICS. 
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(a ) The r e l a t i o n s h i p between Mental and P h y s i c a l 
C h a r a c t e r i s t i c s . 
I n common wi t h many other e d u c a t i o n a l t o p i c s the foundat-
-ions of study concerning t h i s problem can be d i s c o v e r e d i n the 
w r i t i n g s of the Greek p h i l o s o p h e r s . The g r e a t e s t d i s c o v e r y of 
the Greeks was t h a t the world i n which man l i v e s i s not some-
thing f o r e i g n to h i s nature as man, but i s i n t r u t h an ordered 
world i n which he can work out h i s own purposes. V/riting about 
the p a l e s t r a and music schools of h i s time, P l a t o (10) s a i d , 
" I b e l i e v e t h a t t e a c h e r s of both music and gymnastics 
have i n view c h i e f l y the improvement of the s o u l " . 
P l a t o ' s i n f e r e n c e t h a t the mind f u n c t i o n s best i n an e f f i c i e n t 
body was l a t e r repeated by Rousseau, "a f e e b l e body makes a 
f e e b l e mind", and Locke, "a sound mind i n a sound body". Thus 
was the most famous phrase i n p h y s i c a l education born. 
A r i s t o t l e was no v i s i o n a r y , he had a p a s s i o n f o r reducing 
f a c t s to an o r d e r l y system, and i s thought by some eminent 
w r i t e r s to be the f i r s t example i n h i s t o r y of the modern s c i e n -
t i f i c s p i r i t i n search, of t r u t h . I n "De Memoria" l e c t u r i n g on 
p h y s i c a l education A r i s t o t l e s a i d on the t r a i n i n g of a t h l e t e s , 
" I t i s f o o l i s h to produce a t h l e t e s w i t h d u l l minds as the 
Spartans do", and even more s i g n i f i c a n t l y when d i s c u s s i n g the 
d i f f e r e n c e s between men: 
"Dwarfs and those who have a g r e a t e r development of the 
upper p a r t of the body have poorer memories than those 
of the opposite type because they have a g r e a t e r weight 
p r e s s i n g on the organs of consciousness". 
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S u r e l y t h i s I s the o r i g i n of the modern quotation "Strong 
i n the arm, weak i n the head". 
The i n s c r i p t i o n "Man know t h y s e l f " r a n over the p o r t a l of 
Apollo's temple a t Delphi, and as man has turned to the Greeks 
f o r o r i g i n a l i n s p i r a t i o n i n studying the s c i e n c e of man, the 
. thoughts of P l a t o and A r i s t o t l e have i n f l u e n c e d men throughout 
the succeeding c e n t u r i e s . Genius was thought to be c h a r a c t e r i s e d 
by a puny body and massive head, and the sometimes expressed 
opinion t h a t l e s s a c a d emically g i f t e d p u p i l s are b e t t e r a t 
p r a c t i c a l work than t h e i r more g i f t e d peers i s only an echo of 
A r i s t o t l e 's o r i g i n a l comment, s p r i n g i n g from the metaphysical . 
concept of u n i t y which, c a r r i e d to the extreme, lea d s to a 
b e l i e f i n a c a u s a l r e l a t i o n s h i p between outer s t r u c t u r e and 
inner f u n c t i o n . 
Many e f f o r t s have been made throughout the c e n t u r i e s to 
r e l a t e an I n d i v i d u a l ' s p h y s i c a l e x t e r i o r to h i s p h y s i c a l perform-
-ance and p e r s o n a l i t y c h a r a c t e r i s t i c s . The p h r e n o l o g i s t s used 
c r a n i a l c a p a c i t y and c e p h a l i c index. Physiognomists found t h e i r 
c l u e s i n the c a s t of f e a t u r e s or p a r t i c u l a r c o n f i g u r a t i o n s , and 
p h y s i o l o g i s t s have even t r i e d c a r p a l development. 
Hippocrates f i r s t designated two fundamental p h y s i c a l types. 
Rostan defined t h r e e , the "type d i g e s t i f " , the "type m u s c u l a l r e " 
and the "type c e r e b r a l " . Kretschmer's three types, pyknic, 
a t h l e t i c and a s t h e n i c , r e c e i v e d considerable a t t e n t i o n , but the 
l a t e r work of Sheldon (11) discounted most of the e a r l i e r ideas 
by showing t h a t human beings could not be c l a s s i f i e d i n t o three 
p h y s i c a l types, but t h a t n e a r l y a l l I n d i v i d u a l s are mixtures of 
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type. Sheldon d e s c r i b e d e i g h t y e i g h t somatotypes. Although 
there has remained c o n s i d e r a b l e evidence t h a t the p h y s i c a l 
p a t t e r n i s s i g n i f i c a n t i n some r e s p e c t s , the concept of body 
types r e l a t e d to understanding of the i n d i v i d u a l p h y s i c a l l y and 
mentally has been c l e a r l y shown to be inadequate i n many other 
r e s p e c t s . 
The only p r e - t w e n t i e t h century f i g u r e whose r e s u l t s r e a l l y 
stand up to modern r e s e a r c h i s F r a n c i s Galton ( 1 2 ) , who, i n h i s 
anthropometric i n v e s t i g a t i o n , s a y s : -
"There i s a b e l i e f p r e v e l a n t t h a t men of genius are unhealthy, 
puny beings - a l l b r a i n and no muscle - weak s i g h t e d and 
g e n e r a l l y of poor c o n s t i t u t i o n I would undertake to 
p i c k out of any group of them (the outstanding f i g u r e s of 
h i s t o r y ) an "eleven" who would compete i n any p h y s i c a l t e s t s 
whatever a g a i n s t s i m i l a r s e l e c t i o n s from groups of twice or 
t h r i c e t h e i r numbers taken haphazardly from e q u a l l y w e l l 
f e d c l a s s e s " . 
I t was g r a d u a l l y r e a l i z e d by modern r e s e a r c h e r s t h a t the 
b e s t method of f i n d i n g any p h y s i c a l - m e n t a l r e l a t i o n s h i p would 
be the s e t t i n g of t e s t s i n v o l v i n g examples of the use of the 
q u a l i t i e s to be measured. The pioneer was Porter (13) who i n 
1897 made an i n v e s t i g a t i o n i n t o the mental and p h y s i c a l growth 
of 35,000 S t . Louis s c h o o l c h i l d r e n . Following the a n c i e n t theme, 
Porter concluded t h a t height and weight d i d have a s i g n i f i c a n t 
r e l a t i o n s h i p w i t h mental a b i l i t y , f i n d i n g the b r i g h t e r c h i l d r e n 
h e a v i e r and t a l l e r , and the d u l l e r c h i l d r e n l i g h t e r and s m a l l e r 
than "average" c h i l d r e n of the same age. T h i s i s a remarkable 
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study on two counts:-
(1) That i t was c a r r i e d out before Binet began h i s work i n 
P a r i s . 
(2) The s i z e of the sample, which far exceeds any other the 
author has been able to f i n d i n t h i s f i e l d . 
S t e e l (14) comments on t h i s work:-
"On the face of i t P o r t e r had some j u s t i f i c a t i o n f o r h i s 
f i n d i n g s as i t seems n a t u r a l to assume t h a t i n t e r n a l 
s e c r e t i o n glands, e s p e c i a l l y the t h y r o i d , might provide 
a common cause to b r i n g about a d e f i n i t e c o r r e l a t i o n 
between body growth and mental development". 
More modem s t u d i e s show th a t there i s some p o s i t i v e r e l a t i o n -
- s h i p between mental and p h y s i c a l t r a i t s , but by no means so 
much as Por t e r ' s r e s u l t s would suggest. S t e e l (14) a l s o quotes 
the work of Gates, who combined the p h y s i c a l measurements of 
height, weight, ches t g i r t h , lung c a p a c i t y , g r i p and n u t r i t i o n a l 
s t a t u s and o s s i f i c a t i o n w i t h mental age, and found a c o r r e l a t i o n 
of only +0.21. Hence he concludes, "Even a t b e s t the r e l a t i o n -
- s h i p i s s l i g h t " . Burt (15) i n 1937 compared the h e i g h t s and 
weights of normal and backward c h i l d r e n , f i n d i n g a c o r r e l a t i o n 
f o r boys between height and mental age off" 0.481 and between 
weight and mental age of +0.381. Burt concludes "The e x i s t e n c e 
of some connection between mental and p h y s i c a l development a l l 
through the years of growth cannot be questioned". O l i v e r (16) 
I n 1962, studying backward c h i l d r e n , found a low but p o s i t i v e 
r e l a t i o n s h i p between the p h y s i c a l and mental c h a r a c t e r i s t i c s of 
c h i l d r e n , which tends to i n c r e a s e the f u r t h e r i n t e l l i g e n c e f a l l s 
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below the average. Terman (17) r e p o r t i n g I n 1947 h i s s t u d i e s of 
i n t e l l e c t u a l l y g i f t e d c h i l d r e n over a long p e r i o d f i n a l l y con-
-cluded t h a t the r e s u l t s of p h y s i c a l measurements provided a 
s t r i k i n g c o n t r a s t w i t h the popular b e l i e f s of t h i s type of c h i l d 
being undersized, s i c k l y , hoilow-chested and n e r v o u s l y t e n s e . 
Terman s t a t e d t h a t i n h i s view these p h y s i c a l t r a i t s were more 
c h a r a c t e r i s t i c of the m e ntally average c h i l d than the m e ntally 
g i f t e d . 
Quoting s e v e r a l American theses H a r r i s o n Clarke (18) maintains 
t h a t many s t u d i e s have reported l i t t l e or no r e l a t i o n s h i p between 
p h y s i c a l measures and mental achievement, but a l s o g i v e s h i s 
opinion t h a t these i n v e s t i g a t i o n s have been c o r r e l a t i o n a l i n 
nature and have ignored, the l e v e l s of i n t e l l i g e n c e of the s u b j e c t s . 
Although t h i s c o n c l u s i o n may seem strange, i f one s u b s t i t u t e s 
attainment f o r "mental achievement" h i s meaning becomes c l e a r e r . 
I t would appear from these s t u d i e s t h a t the r a t e of p h y s i c a l 
growth has some e f f e c t on mental growth, a f a c t which needs to be 
born i n mind throughout the c h i l d ' s school l i f e , although any 
attempt to judge mental a b i l i t y by p h y s i c a l c h a r a c t e r i s t i c s i s not 
l i k e l y to succeed s u f f i c i e n t l y w e l l f o r the t e s t s to be of any 
p r a c t i c a l use. H a r r i s o n Clarke;.recognises t h i s when i n d i s c u s s i n g 
c l a s s i f i c a t i o n indexes, ( i . e . a c l a s s i f i c a t i o n scheme based on 
age, height and w e i g h t ) , he concludes t h a t although the c l a s s -
i f i c a t i o n index may be found u s e f u l i n r a p i d , t e n t a t i v e c l a s s i f -
- i c a t i o n s , i t i s not so v a l i d as other t e s t s proposed f o r 
measuring general a b i l i t i e s . Spearman (19) a l s o concludes t h a t 
" I n the realm of gross anatomy r e s e a r c h has found no p h y s i c a l 
c o r r e l a t e of i n t e l l e c t " 
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(b) l a there a General F a c t o r i n Gross 
Motor A b i l i t y ? 
P s y c h o l o g i s t s have tended to study f i n e motor s k i l l s by 
such means as tapping, t a r g e t aiming and p u r s u i t r o t o r t e s t s , 
but they have a t the same time so f a r l a r g e l y ignored the f i e l d 
of gross motor a b i l i t y . The r e s e a r c h i n t o mental and f i n e motor 
a b i l i t y has been comprehensively performed because of the n e c e s s -
i t y f o r f i n d i n g v a l i d methods of s e l e c t i o n f o r v a r i o u s types of 
ed u c a t i o n a l courses and jobs demanding such a b i l i t i e s . 
I n an important study concerning the r e l a t i o n s h i p of f i n e 
and gross motor a b i l i t i e s , Seashore (20) came to the f o l l o w i n g 
c o n c l u s i o n s : 
"(1) No o v e r a l l or "general" p o s i t i v e dependence or i n t e r -
r e l a t e d n e s s of f i n e and gross motor a b i l i t i e s has been 
found. 
(2) I n t e r - r e l a t i o n s h i p of f i n e and gross motor a b i l i t y i s 
an important one. There are few a c t i v i t i e s i n which we can 
say t h a t , no or almost no, f i n e motor adjustments are 
i n v o l v e d . I t does not, however, f o l l o w t h a t high a b i l i t y 
i n f i n e motor c o - o r d i n a t i o n must be p o s i t i v e l y c o r r e l a t e d 
with h i g h q u a l i t y of gross motor c o - o r d i n a t i o n " . 
Some p s y c h o l o g i s t s deny, or appear to deny,.that there i s 
any c o r r e l a t i o n between motor a b i l i t y and i n t e l l i g e n c e . Spearman 
(19) s a y s : 
"Take even motor a b i l i t y , by many experts t h i s i s u n h e s i t a t -
- i n g l y r e j e c t e d from the scope of i n t e l l i g e n c e , y e t others 
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as c o n f i d e n t l y d e c l a r e t h a t the power of c o - o r d i n a t i n g move-
-ments has j u s t as much r i g h t to be c a l l e d i n t e l l i g e n t as 
that of c o - o r d i n a t i n g i d e a s . " 
The c o n f l i c t i n g views of Spearman's "Monarchic" and 
Thurstone's " O l i g a r c h i c " t h e o r i e s , one of which e s t a b l i s h e d a 
g e n e r a l f a c t o r "g" and the other denied i t s e x i s t e n c e , have r a i s e d 
a s i m i l a r question i n the f i e l d of motor a b i l i t y ; i s there a 
"general motor a b i l i t y " , or are there i n f a c t overlapping areas 
of a b i l i t y , each more or l e s s s p e c i f i c to v a r i o u s gross b o d i l y 
movements? Spearman ponders the question but g i v e s no c l e a r 
answe r , s a y i n g : 
"Are we j u s t i f i e d i n t h i n k i n g of motor a b i l i t y i n the same way 
as i n t e l l i g e n c e w i t h a c e n t r a l f a c t o r or are there groups of 
a b i l i t i e s ? " 
Glover (5) concludes t h a t t a k i n g i n t o account a l l the assembled 
r e s e a r c h i n gross-motor l e a r n i n g up t o 1954 there i s every i n d i c -
- a t i o n t h a t gross motor l e a r n i n g i s s p e c i f i c ( t o the s k i l l ) and 
there i s no simple s i n g l e f a c t o r of motor e d u c a b i l i t y as v i s u a l -
- i z e d a t t h i s p e r i od by Wendler (22) and Metheny ( 2 3 ) . 
E a r l y i n the t w e n t i e t h century s e v e r a l i n v e s t i g a t o r s had 
suggested there was a common f a c t o r i n motor a b i l i t y , on the other 
hand others u s i n g the same m a t e r i a l found negative c o r r e l a t i o n s . 
Analysing the motor a b i l i t i e s of a group of undergraduates P e r r i n 
(24) concluded t h a t "Motor a b i l i t y i s not g e n e r a l but s p e c i a l i z e d " . 
McCloy (8) on the other hand undoubtedly b e l i e v e d i n a g e n e r a l 
motor f a c t o r comparable w i t h Spearman's "g". His work was founded 
on contemporary philosophy and he was attempting to c o n s t r u c t a 
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t e s t which, as Glover (5) s a y s , would be to the f i e l d of p h y s i c a l 
education what the i n t e l l i g e n c e t e s t i s to the f i e l d of cognative 
l e a r n i n g : -
"As the o r d i n a r y i n t e l l i g e n c e t e s t s are r e a l l y t e s t s of general 
a b s t r a c t i n t e l l e c t u a l c a p a c i t y , so t h i s i s a t e s t of g e n e r a l 
Innate motor c a p a c i t y " . 
T h i s would appear to be McCloy's answer to Wayman's (25) question, 
"Should a motor a b i l i t y t e s t measure neuro-muscular c a p a c i t y 
j u s t as an i n t e l l i g e n c e t e s t measures b r a i n - c a p a c i t y ? " . 
Summing up the work done before 1954, Glover (5) p o s t u l a t e s 
the theory that a l l motor a b i l i t y t e s t s of the e r a up to the 
second world war were only p a r t i a l l y s u c c e s s f u l because of t h i s 
attempt to f i n d a general f a c t o r , t h a t i s r e s e a r c h e r s were 
seeking a t e s t v a l i d i n the whole f i e l d of p h y s i c a l a c t i v i t y 
whereas i t has now become apparent t h a t owing to the s p e c i f i c 
nature of t e s t s of motor a b i l i t y so f a r d e v i s e d i t i s only 
p o s s i b l e to c r e a t e t e s t s which are v a l i d I n a c e r t a i n f i e l d . 
Thus, t e s t s i n v o l v i n g b a l l s k i l l s do not n e c e s s a r i l y have a h i g h 
c o r r e l a t i o n (or indeed any) w i t h s k i l l s i n v o l v e d i n gymnastics. 
T h i s i s borne out by Brace (26) who, i n a study of the l e a r n i n g 
a b i l i t y of high school g i r l s i n a s e r i e s of what he c a l l s "stunt 
type" a c t i v i t i e s , concluded t h a t the l e a r n i n g of sports type 
s k i l l s (mainly i n v o l v i n g b a l l s k i l l s ) i n v o l v e d d i f f e r e n t 
a b i l i t i e s from those r e q u i r e d to l e a r n s t u n t s ( t h a t i s gymnastic 
s k i l l s ) and rhythm type a c t i v i t i e s . He suggested, t h e r e f o r e , 
t h a t there must be d i f f e r e n t types of motor l e a r n i n g . 
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( c ) The R e l a t i o n s h i p between Mental and 
Gross Motor A b i l i t y . 
I n a g e n e r a l study i n 1906 Terman suggested t h a t comparing 
"bright c h i l d r e n " w i t h "average c h i l d r e n " the b r i g h t c h i l d r e n 
performed b e t t e r on mental t e s t s but were I n f e r i o r I n motor 
t e s t s to the average c h i l d r e n . T h i s was the f i r s t of a s e r i e s 
of elementary s t u d i e s on t h i s s u b j e c t which were c a r r i e d out I n 
the f i r s t p a r t of the present century. These s t u d i e s produced 
v e r y c o n f l i c t i n g r e s u l t s , some agreeing w i t h Terman and others 
v i o l e n t l y d i s a g r e e i n g . These e a r l y r e s e a r c h e s are l i s t e d by 
O l i v e r (16) i n h i s s t u d i e s concerning e d u c a t i o n a l l y sub-normal 
boys. Perhaps the most important work f o r the purposes of the 
present study being t h a t of Nenzec, Cronin and Brannon i n 1933, 
who, i n v e s t i g a t i n g the r e l a t i o n s h i p between i n t e l l i g e n c e and 
motor a b i l i t y as measured by the Brace motor a b i l i t y t e s t s of 
normal g i r l s , found negative r e l a t i o n s h i p between I n t e l l i g e n c e 
and motor a b i l i t y and a s l i g h t but p o s i t i v e r e l a t i o n s h i p between 
c h r o n o l o g i c a l age and motor, a b i l i t y . 
B a l l a r d (27) d i s c u s s i n g the f i n d i n g s of American r e s e a r c h e r s 
up to 1919 i n s i s t e d t h a t they had found "a marked correspondence" 
between mental and motor a b i l i t y . However, he admitted t h a t 
t h e i r data was d e r i v e d from p r a c t i c a l sources and l a r g e l y from 
s u b j e c t i v e o b s e r v a t i o n s . B a l l a r d b e l i e v e d t h a t the American 
f i n d i n g s stemmed from the b e l i e f i n the p o s s i b i l i t y of f i n d i n g 
a "Motor Quotient" comparable w i t h I.Q,. 
I n 1925, Heaton (28) u s i n g an American sample of h i g h and 
low mental a b i l i t y and measuring height, weight, ches t expansion, 
27. 
.75 yards dash, standing broad jump, a throw and push ups, found 
th a t those c h i l d r e n w i t h h i g h i n t e l l i g e n c e r a t i n g s were s u p e r i o r 
i n p h y s i c a l development to those having low i n t e l l i g e n c e r a t i n g s . 
I n h i s g e n e r a l conclusions he suggested two reasons f o r t h i s : - • 
1. The low mental a b i l i t y groups come from low income groups, 
and a r e , t h e r e f o r e , more l i a b l e to m a l n u t r i t i o n and i l l n e s s . 
2. The more i n t e l l i g e n t t r y harder. 
Two s t u d i e s , by K i e l e r (29) and Johnson ( 3 0 ) , came to the common 
con c l u s i o n t h a t there was no s i g n of a s i g n i f i c a n t r e l a t i o n s h i p 
between p h y s i c a l s k i l l as measured and mental power or general 
x 
i n t e l l i g e n c e as measured. The Johnson t e s t s were used i n both 
r e s e a r c h e s as the measure of p h y s i c a l s k i l l . I n h i s r e s e a r c h 
Johnson claimed t h a t h i s t e s t b a t t e r y which c o n s i s t s of t e n 
a g i l i t y e x e r c i s e s performed on a 15 f o o t mat e l i m i n a t e d the 
elements of speed, s t r e n g t h and endurance, s k i l l alone being the 
f a c t o r considered. Johnson's r e s u l t s show a s l i g h t l y negative 
r e l a t i o n s h i p between mental a b i l i t y and h i s t e s t s (-0.059). 
These f i g u r e s are not s i g n i f i c a n t l y d i f f e r e n t from those of Ray 
(31) who i n studying the r e l a t i o n s h i p of Terman-Merrill T e s t 
r e s u l t s to t e s t s of p h y s i c a l a b i l i t y found r e l a t i o n s h i p s which 
ranged from 0.09 to 0.26 depending on the p h y s i c a l t e s t c o n s i d -
ered. Using a sample covering the whole range of a b i l i t y from 
s u p e r i o r to sub-normal K u l c i n s k i (32) i n 1945 concluded t h a t 
the average or normal group were s u p e r i o r to the sub-normal i n 
l e a r n i n g p h y s i c a l s k i l l s . 
X See "Tests and Measurements i n Health and P h y s i c a l Education", McCloy C.H. and Young N.D. Pages 95 to 98. 
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x The work of Dr. D.K. Brace i n t h i s f i e l d i s of the g r e a t e s t 
importance to the present study. Brace was p a r t i c u l a r l y a c t i v e 
i n the whole f i e l d of measuring motor a b i l i t y , working w i t h 
samples covering the whole range of mental a b i l i t y . I n one 
study he used a sample composed of low and h i g h grade mental 
d e f e c t i v e s w i t h I.Q.'s ranging from 23 to 82, w i t h a mean as low 
as 52.9, and i n another a sample co n t a i n i n g the h i g h e s t I.Q.'s 
a v a i l a b l e to him. I n v e s t i g a t i n g the r a t e of l e a r n i n g gross 
motor s k i l l s Brace (33) experimented w i t h the measurement of the 
speed of l e a r n i n g i n terms of the number of t r i a l s r e q u i r e d to 
master a s k i l l t e s t , and he found t h a t I.Q. was not a s i g n i f i c a n t 
f a c t o r i n the speed of l e a r n i n g the t e s t s . I n 1949 Brace (34) 
i n d i s c u s s i n g h i s experiment i n the motor-learning of f e e b l e -
minded g i r l s , made a summary of h i s own work on the r a t e of 
l e a r n i n g gross b o d i l y motor s k i l l s , and a l s o t h a t of McNeeley, 
McCloy and Milne. He concluded that i n the e d u c a t i o n a l l y sub-
normal range there was some r e l a t i o n s h i p between i n t e l l i g e n c e 
scores and the sco r e s i n the v a r i o u s p h y s i c a l t e s t s , but i n the 
normal population of c h i l d r e n and a d u l t s the c o r r e l a t i o n between 
i n t e l l i g e n c e and gross motor l e a r n i n g was approximately zero . 
Brace pointed out, however, t h a t even i n the e d u c a t i o n a l l y sub-
normal range the r e l a t i o n s h i p between the performance of motor 
s k i l l s and i n t e l l i g e n c e was too low to have ttny p r e d i c t i v e v a l u e . 
I n a l a t e r study u s i n g the Brace s c a l e w i t h young c h i l d r e n aged 
between 5 and 9 y e a r s , V i c k e r s (35) found t h a t a good score on 
X See "Measuring Motor A b i l i t y " , A.S. Barnes & Co, New York, 
1927, and other r e f e r e n c e s i n present study. 
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the t e s t s was a s s o c i a t e d w i t h good abdominal muscles and h i g h 
i n t e l l i g e n c e . She noted t h a t the c o r r e l a t i o n of i n t e l l i g e n c e 
and motor a b i l i t y as measured was not g e n e r a l l y s i g n i f i c a n t , but 
i f only the c h i l d r e n who made a high or low score i n the motor 
a b i l i t y t e s t s were then considered f o r I.Q. sc o r e s there was a 
s i g n i f i c a n t r e l a t i o n s h i p between h i g h i n t e l l i g e n c e and good 
motor a b i l i t y , and I n v e r s e l y a low r a t i n g i n both i n t e l l i g e n c e 
and motor a b i l i t y . Examining some aspects of the r e l a t i o n s h i p 
between p h y s i c a l and mental a b i l i t y S t e e l (14) i n 1948 used 
a t h l e t i c s and gymnastic s k i l l s and I.Q. t e s t r e s u l t s as measured 
i n a sample of 134 boys. The c o n c l u s i o n drawn was t h a t the 
c o r r e l a t i o n of the p h y s i c a l t e s t s w i t h the I.Q. t e s t s was 
p o s i t i v e but not s i g n i f i c a n t , ( i n the order of 0.166— 0.079). 
A r e c e n t B r i t i s h Study by Wright (36) concerning I.Q. and 
p h y s i c a l a b i l i t y , u s i n g a sample of c h i l d r e n whose I.Q.'s 
ranged from 130+ to 70, produced the f o l l o w i n g r e s u l t s : -
1. The c o r r e l a t i o n c o e f f i c i e n t obtained between gymnastic 
t e s t s and I.Q. was -0.0088. 
2. The t e s t r e s u l t s , ( i l l u s t r a t e d by graph, scattergram 
and t a b l e of a v e r a g e s ) , i n d i c a t e d no s i g n i f i c a n t c o r r e l a t i o n 
between i n t e l l i g e n c e as measured and motor e d u c a b i l i t y as 
t e s t e d . 
Wright concluded a l s o t h a t h i s study emphasised the f a c t t h a t 
any c l a s s t a k i n g P h y s i c a l Education, which has been s e l e c t e d 
because of academic a b i l i t y or I.Q., I s l i k e l y to c o n t a i n 
p u p i l s w i t h a wide range of p h y s i c a l a b i l i t y . 
Studying the r e l a t i o n s h i p of p e r s o n a l i t y t r a i t s to motor 
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. . a b i l i t y i n 1960, Merriman (37) gave p e r s o n a l i t y t e s t s to upper 
and lower motor a b i l i t y groups, and found t h a t the upper group 
scored s i g n i f i c a n t l y h igher than the lower motor a b i l i t y groups 
on measure of po i s e , ascendency and s e l f assurance, and a l s o on 
measures of i n t e r e s t . The r e s u l t s of Merriman's work i n d i c a t e 
t h a t motor a b i l i t y may w e l l be r e l a t e d s i g n i f i c a n t l y to person-
a l i t y t r a i t s . 
The r e s e a r c h on t h i s s u b j e c t , which i s f a r from complete, 
would appear to suggest t h a t O l i v e r (16) was making a f a i r 
assessment of the present p o s i t i o n when he s a i d : 
"There i s a low but p o s i t i v e r e l a t i o n s h i p between the p h y s i c a l , 
mental, emotional and s o c i a l c h a r a c t e r i s t i c s of normal c h i l d -
-ren, which tends to i n c r e a s e the f u r t h e r i n t e l l i g e n c e f a l l s 
below average." 
McCloy's (8) summing up i s somewhat s i m i l a r : 
"Almost no s i g n i f i c ant r e l a t i o n s h i p has been found between 
i n t e l l i g e n c e quotients and measurements of p h y s i c a l a b i l i t y . 
This l a c k of r e l a t i o n s h i p e x i s t s even i f I.Q. fs are r e l a t e d 
to motor q u o t i e n t s . For an i n d i c a t i o n of a b i l i t y i n 
p h y s i c a l s k i l l s I.Q.'s are u s e l e s s s c o r e s , a t l e a s t w i t h i n 
the zone of i n t e l l e c t u a l n o r m a l i t y t h a t i s maintained i n the 
(American) p u b l i c s c h o o l s . " 
- C H A P T E R IV 
M O T O R E D U C A B I L I T Y 
32. 
Motor E d u c a b i l i t y . 
The term motor e d u c a b i l i t y was introduced, or a t l e a s t 
p o p u l a r i z e d i f i t had been known "before, by McCloy ( 3 8 ) , whose 
d e f i n i t i o n i s contained i n the i n t r o d u c t i o n to the present study. 
Wendler (22) d e s c r i b e d h i s i d e a of motor e d u c a b i l i t y as.: 
"the innate c a p a c i t y to l e a r n which manifests i t s e l f i n the 
degree of l a r g e muscular c o - o r d i n a t i o n acquired a f t e r a 
reasonable amount of p r a c t i c e as w e l l as the a b i l i t y to 
perform new movements r e l a t i v e l y w e l l w i t h l i t t l e or no 
p r a c t i c e " . 
Mental i n t e l l i g e n c e t e s t i n g occupies an important place i n 
education and p s y c h o l o g i s t s have engaged i n much r e s e a r c h to 
i d e n t i f y and measure v a r i o u s " f a c t o r s of i n t e l l i g e n c e " . McCloy 
(8) maintains t h a t there are other kinds of i n t e l l i g e n c e and 
l i s t s i n a d d i t i o n : -
(a) E d u c a b i l i t y concerning the s o l u t i o n of mechanical or manip-
- u l a t i v e problems, which McCloy has s t a t e d c o r r e l a t e s on 
average lower than 0.3 w i t h the i n t e l l i g e n c e i n v o l v e d in.the 
understanding of g e n e r a l ideas and p r i n c i p l e s . 
(b) E d u c a b i l i t y r e the making of acceptable responses i n s o c i a l 
s i t u a t i o n s , which a l s o c o r r e l a t e s on average 0.26 w i t h the 
understanding of g e n e r a l ideas and p r i n c i p l e s . 
( c ) E d u c a b i l i t y re the a p p r e c i a t i o n and the e x p r e s s i o n of the 
a e s t h e t i c . 
(d) Common sense, which McCloy claims i s not n e c e s s a r i l y h i g h l y 
c o r r e l a t e d w i t h the types of i n t e l l i g e n c e i n d i c a t e d i n ( a ) , (b) 
and ( c ) . 
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(e) Motor e d u c a b i l i t y , which i s the a b i l i t y to l e a r n motor s k i l l s 
e a s i l y and w e l l . I t corresponds, i n the a r e a of gener a l motor 
s k i l l s , to i n t e l l i g e n c e i n the a r e a of classroom s u b j e c t s . Mc 
Cloy s t a t e s that there are twenty f i v e f a c t o r s i n motor e d u c a b i l i t y 
and t h a t while some of these can "undoubtedly be c u l t i v a t e d or 
lear n e d , the others are probably as innate a s , f o r i n s t a n c e , 
colour b l i n d n e s s . 
McGloy (38) i n 1934 worked out h i s "General motor c a p a c i t y " 
t e s t . The word c a p a c i t y i s meant to be used as i n d i c a t i n g 
p o t e n t i a l i t y i n c o n t r a s t to achievement - t h a t i s , the t e s t was 
constructed to measure the l i m i t s to which an i n d i v i d u a l may be 
developed. I n t h i s r e s p e c t says H a r r i s o n Clarke ( 1 8 ) , "The 
General Motor Capacity T e s t may be compared to an i n t e l l i g e n c e 
t e s t " . For the motor e d u c a b i l i t y p a r t of h i s t e s t McCloy used 
h i s r e v i s i o n of the Brace Test and as he was then on the s t a f f 
x 
of the State U n i v e r s i t y of Iowa c a l l e d i t the "Iowa-Brace T e s t " . 
The Brace Test had o r i g i n a l l y been published by Brace (39) 
i n 1927. I t c o n s i s t e d of twenty movements which Brace c a l l e d 
" s t u n t s " , each of which was scored i n terms of success or 
f a i l u r e . Brace thought of i t was a t e s t of motor a b i l i t y and 
so included s k i l l s which depend f o r t h e i r execution l a r g e l y on 
s t r e n g t h . When McCloy r e v i s e d the Brace T e s t he a p p l i e d t h r e e 
c r i t e r i a to the s e l e c t i o n of st u n t s f o r h i s r e v i s i o n : -
" ( 1 ) The percentage of i n d i v i d u a l s p a s s i n g i t i n c r e a s e d 
w i t h age. 
(2) I t had a r e l a t i v e l y low c o r r e l a t i o n w i t h s t r e n g t h , 
X See "Tests & Measurements i n Health and P h y s i c a l Education 
by McCloy & Young, Pages 85 to 94. 
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x w i t h the C l a s s i f i c a t i o n Index, and the Sargent Jump. 
(3) I t c o r r e l a t e d h i g h l y w i t h t r a c k and f i e l d a t h l e t i c 
a b i l i t y when the C l a s s i f i c a t i o n Index (or age alone f o r 
g i r l s ) , the Sargent Jump and the s t r e n g t h score were h e l d 
constant to the a t h l e t i c events hut not to the Stunt, 
c o n s i d e r a t i o n being thus g i v e n to g r e a t e r s k i l l , or, i t 
could be h e l d , to a g r e a t e r degree of inbtor e d u c a b i l i t y " . 
McCloy r e t a i n e d twenty one of the o r i g i n a l f o r t y d i f f e r e n t s t u n t s 
and incorporated them i n s i x b a t t e r i e s of ten s t u n t s each, which 
were to be used i n the elementary, j u n i o r h i g h and s e n i o r h i g h 
s c h o o l s . The s t u n t s a l l demand v a r y i n g degrees of a g i l i t y , 
balance, neuro-muscular c o n t r o l and f l e x i b i l i t y , a l l of which he 
maintains are e s s e n t i a l to the measurement of motor e d u c a b i l i t y . 
McCloy claimed an approximate doubling of the v a l i d i t y of t h i s 
t e s t . I n other words the Iowa Brace t e s t measured motor educab-
- i l i t y to a much higher degree than the Brace t e s t . 
I n supporting h i s c l a i m of the v a l i d i t y of the stunt type 
t e s t f o r the measurement of motor e d u c a b i l i t y , McCloy quotes 
s e v e r a l American s t u d i e s which show:-
"(a ) The h i g h c o r r e l a t i o n obtained between Iowa Brace t e s t s 
and a t h l e t i c events when p h y s i c a l t r a i t s were h e l d constant. 
(b) A s i m i l a r h i g h c o r r e l a t i o n between the s p o r t s s k i l l 
r a t i n g s of 155 s e n i o r h i g h school g i r l s and the Iowa Brace 
t e s t s . 
( c ) A c o - e f f i c i e n t of r e l i a b i l i t y ( u s i n g the s p l i t h a l f 
X A device f o r measuring by formula body s i z e and m a t u r i t y . 
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method) of 0.885 f o r the Brace t e s t . 
(d) A c o r r e l a t i o n c o e f f i c i e n t of 0.624 between the s c o r e s of 
a sample of boys who had not p r e v i o u s l y p r a c t i s e d gymnastics 
i n l e a r n i n g ten gymnastic s k i l l s and the Stunt t e s t s . " 
I t i s i n t e r e s t i n g to note t h a t Brace (33) h i m s e l f d i s a g r e e d w i t h 
McCloy and concluded t h a t the Brace motor a b i l i t y t e s t was not a 
s u f f i c i e n t l y good measure of motor l e a r n i n g to j u s t i f y i t being 
c l a s s e d as a t e s t of motor e d u c a b i l i t y , though he claimed i t was 
s l i g h t l y s u p e r i o r to the Iowa Brace t e s t s i n t h i s r e s p e c t . 
Johnson (40) i n 1932 designed a t e s t b a t t e r y to measure 
"native neuro-muscular s k i l l c a p a c i t y " c o n s i s t i n g of ten a c t i v -
i t i e s performed on a marked canvas mat. For t h i s b a t t e r y which 
i t s author claimed contained no pronounced elements of s t r e n g t h , 
speed, endurance, f a m i l i a r i t y , strangeness or p r a c t i c e , Johnson 
reported a v a l i d i t y c o e f f i c i e n t of 0.69, but d i d not s t a t e 
a g a i n s t what c r i t e r i o n he had v a l i d a t e d i t . He a l s o reported a 
r e l i a b i l i t y c o e f f i c i e n t of 0.97 u s i n g an apparently u n s p e c i f i e d 
number of college men as h i s sample. The Johnson t e s t s were 
analysed by Metheny (39) i n 1938. Metheny used a sample of 
Junior High school boys and found a high c o r r e l a t i o n (0.98) 
between four of the t e s t s and the whole t e s t . She was t h e r e f o r e 
able to s i m p l i f y what had been a long and d i f f i c u l t t e s t to score 
and a t the same time modify the mat used. 
Professor Wendler ( 4 1 ) , of the U n i v e r s i t y of Iowa, i n a 
personal l e t t e r to the author i n 1963 s t a t e d : 
"The Brace and Johnson t e s t s are s t i l l i n use i n t h i s 
country • I recommend t h a t you l i m i t y o u r s e l f to 
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the Brace (Iowa r e v i s i o n ) t e s t and/or the Johnson t e s t . " 
I n a c cepting t h i s advice from so eminent an a u t h o r i t y i t i s 
ne c e s s a r y to report i n some d e t a i l the r e s e a r c h e s concerning 
these t e s t s . 
Researches i n t o the Brace and Iowa Brace T e s t s 
As Brace o r i g i n a l l y intended h i s t e s t to measure motor 
a b i l i t y he used a c r i t e r i o n of achievement a t the time of the 
t e s t , not the a b i l i t y to l e a r n . I n 1941 Brace (33) conducted 
the experiments p r e v i o u s l y mentioned on page 28 i n t o the r a t e of 
l e a r n i n g gross motor s k i l l s . His p l a n was to measure the speed 
of l e a r n i n g i n terms of the number of t r i a l s r e q u i r e d to master 
a s k i l l . Teachers were asked to r a t e s u b j e c t i v e l y the p u p i l s 
i n order of a b i l i t y to l e a r n , and Brace maintains t h a t t h e i r 
r a t i n g s were made r e a l l y on observed a t h l e t i c a b i l i t y . He stated&-
" I t i s quite apparent t h a t the teac h e r rat'ings were not made 
on f a c t o r s measured by the s t r e n g t h t e s t , the Brace or Iowa 
Brace motor a b i l i t y t e s t s s i n c e c o r r e l a t i o n s were i n v a r i a b l y 
low r e g a r d l e s s of the other v a r i a b l e s . " 
G-ire and Espenschade (42) made a d i f f e r e n t approach to the 
problem, they decided t h a t a t e s t of motor e d u c a b i l i t y which 
would analyse a c c u r a t e l y the a b i l i t y to l e a r n , or the aptitude 
of the i n d i v i d u a l f o r l e a r n i n g would c o n t r i b u t e to the b e t t e r 
understanding of p h y s i c a l performance and provide an e f f e c t i v e 
t o o l f o r the a d m i n i s t r a t i o n of the p h y s i c a l education programme. 
The main purpose of the study was to determine the r e l a t i o n s h i p 
between the Brace, Iowa Brace and Johnson t e s t s and the a c h i e v e -
-ment and l e a r n i n g by high school g i r l s of s p e c i f i c motor s k i l l s . 
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The s k i l l s chosen were a l l of the " s p o r t s " type, t h a t i s concer-
-ned w i t h the l e a r n i n g of s k i l l s used i n the American games of 
b a s k e t b a l l , v o l l e y b a l l and b a s e b a l l . The h i g h e s t c o r r e l a t i o n s 
were found to be w i t h the Brace t e s t s , the second h i g h e s t w i t h 
the Iowa Brace t e s t s and the lowest w i t h the Johnson t e s t . 
I n t e r r e l a t i o n s h i p s of "Motor E d u c a b i l i t y " T e s t s . 
(N - 195) 
Iowa Brace Johnson 
Brace 0.7664 £ 0.0217 0.2018 ± 0.0512 
Iowa Brace 0.4817 i : 0.0410 
I t w i l l be seen t h a t there i s a high r e l a t i o n s h i p between 
the Brace and Iowa Brace t e s t s , s u b s t a n t i a l r e l a t i o n s h i p between 
the Iowa Brace and Johnson t e s t s and only a s l i g h t r e l a t i o n s h i p 
between the Brace and Johnson t e s t s . E v i d e n t l y these three t e s t s 
are not measures of motor e d u c a b i l i t y to the same degree. T h i s 
can h a r d l y be counted a s t a t i s t i c a l l y a c c u r a t e study, because 
many s u b j e c t s reported having had previous experience i n the 
s k i l l s t e s t e d and the number of inexperienced s u b j e c t s was not 
enough f o r r e l i a b l e s t a t i s t i c a l study. 
McCloy and Young (8) quote some of the s t u d i e s which have 
been conducted to i n v e s t i g a t e the e f f i c a c y of the Brace t e s t s i n 
America and conclude t h a t the r e s u l t s obtained i n these s t u d i e s 
have been c o n f l i c t i n g . The v a l i d i t y of the s t u n t type t e s t f o r 
the measurement of ge n e r a l motor e d u c a b i l i t y i s , they say, 
supported by the r e s u l t s of an i n v e s t i g a t i o n by Anderson and 
McCloy ( 4 3 ) , which the author of the present study has thoroughly 
s t u d i e d , and considers h i g h l y s i g n i f i c a n t to the present study 
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so f a r as g i r l s are concerned. The r e s e a r c h e r s produced a t a b l e 
of c o r r e l a t i o n s between v a r i o u s t e s t s of motor e d u c a b i l i t y and 
what they c a l l e d "Sports r a t i n g s " and "sports i n t e l l i g e n c e " (the 
quickness w i t h which appropriate s p o r t s s t r a t e g y i s d e v i s e d ) . 
Part of the t a b l e i s reproduced here:-
N = 155 
-Sports Ratings Sports I n t e l l i g e n c e 
( R e l . = 0.95) 
Brace Test 0.706 0.671 
Brace T e s t modified 
(two t r i a l s allowed) 0.668 0.663 
Iowa Brace Test 0.682 0.618 
Johnson T e s t D.678 0.661 
I f , however, the Sargent Jump was "held c o n s t a n t " (apparent-
l y a method used by the Americans of e l i m i n a t i n g h e i g h t , weight 
and age c o n s i d e r a t i o n ) the c o r r e l a t i o n of Iowa Brace t e s t was 
h i g h e s t on both counts. 
A study by Harshbarger (44) i n 1936 used s i x t e e n Brace 
items. A r e l i a b i l i t y c o - e f f i c i e n t of 0.885 found by the s p l i t 
h a l f method i n the way d e v i s e d by Brace, who r e a l i z e d the h i g h 
p r a c t i c e e f f e c t of h i s t e s t items, was obtained f o r the s i x t e e n 
Brace items and a c o e f f i c i e n t of v a l i d i t y of 0.606 was obtained 
between the records f o r the twelve best performances i n the 
s t u n t s and the sum of the scores f o r a comprehensive gymnastic 
s k i l l t e s t . 
Making a f a c t o r a n a l y s i s of motor a b i l i t y v a r i a b l e s i n 1941, 
Larson (45) showed t h a t i n h i s sample of c o l l e g e men the Iowa 
Brace items c o r r e l a t e d f a i r l y h i g h l y (0.6094) w i t h h i s " f a c t o r 
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t h r e e " which he took to he motor e d u c a b i l i t y , or as he put i t : 
"Factor three i s gross body co - o r d i n a t i o n , i t being l o g i c a l 
to assume t h a t a poorly coordinated person w i l l not be able 
to u t i l i z e proper body mechanics f o r e f f e c t i v e r e s u l t s . " 
H a t l e s t a d (46) i n 1942 attempted to i n t e r - c o r r e l a t e the 
scores on four motor e d u c a b i l i t y t e s t s and produced the f o l l o w i n g 
t a b l e : 
Brace 2 Iowa Brace H i l l Johnson 
Brace 1 (Scored,pass or f a i l ) 0.98 0.81 0.64 0.46 
Brace 2 (Scored 2-1-0) 0.82 0.67 0.50 
Iowa Brace 0.75 0.42 
x 
H i l l 0.49 
I t w i l l be seen t h a t the Brace T e s t ( s c o r e d i n two ways) 
and the Iowa r e v i s i o n again show c l o s e agreement. 
P h i l l i p s (47) used the Iowa Brace t e s t as a measure of 
motor e d u c a b i l i t y i n studying a s e r i e s of p h y s i c a l education -
t e s t s by f a c t o r a n a l y s i s , she s t a t e d t h a t : -
"The Iowa Brace t e s t was used as a measure of t h i s q u a l i t y 
(motor e d u c a b i l i t y ) . The coramunality of t h i s t e s t i s only 
0.3453 (with the others used) so we can reason that t h i s 
may be due to a f a c t o r not present i n the other t e s t s which 
may be motor e d u c a b i l i t y " . 
P h i l l i p s d i s c o v e r e d a c o r r e l a t i o n of 0.5287 between the Iowa 
Brace t e s t and her speed f a c t o r , and concluded t h a t the s u c c e s s -
f u l execution of the t e s t may be dependent on the p o s s e s s i o n of 
X See "Tests and Measurements i n Health and P h y s i c a l Education", 
by McCloy & Young. Pages 87, 91 and 93. 
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speed. T h i s f i n d i n g i s supported by Wendler (22) who, u s i n g a 
sample of Junior High school boys, found a c o r r e l a t i o n of 0.676 
between the Iowa Brace t e s t and h i s " v e l o c i t y f a c t o r " . I t must 
be s t a t e d however t h a t Wendler found i n h i s f a c t o r a n a l y s i s a 
loading of only 0.300 f o r the Iowa Brace t e s t on the f a c t o r of 
motor e d u c a b i l i t y and, t h e r e f o r e , made some c r i t i c i s m of the 
t e s t as a measure of l e a r n i n g . Both s t u d i e s agreed t h a t s t r e n g t h 
was not a s i g n i f i c a n t f a c t o r i n the performance of the t e s t s . 
Summarizing h i s 1946 r e s e a r c h , Brace (26) came to the 
f o l l o w i n g c o n c l u s i o n s : -
(1) "The l e a r n i n g of the "sport type" motor s k i l l s i n v o l v e s 
somewhat d i f f e r e n t a b i l i t i e s from those r e q u i r e d to l e a r n 
to manipulate the body i n s t u n t type or rhythm type 
c o - o r d i n a t i o n s " , ( i . e . g y m n a s t i c s ) . 
(2) "Sport Type" s k i l l l e a r n i n g i s dependant to a c o n s i d e r a b l e 
extent upon p h y s i c a l f i t n e s s expressed i n terms of 
s t r e n g t h , speed, a g i l i t y and power". 
Following t h i s McGraw (48) i n 1949, who apparently discounted 
both Brace and Johnson t e s t s s t a t e d : 
"There i s a need i n P h y s i c a l Education f o r an a p t i t u d e 
t e s t or t e s t s t h a t w i l l measure i n d i v i d u a l d i f f e r e n c e s i n 
the r a t e of l e a r n i n g gross b o d i l y motor s k i l l s " , 
and reported a f a c t o r a n a l y s i s of motor l e a r n i n g u s i n g 100 
Junior High School g i r l s as h i s sample. McGraw i s o l a t e d s i x 
f a c t o r s : - (1) Body s i z e , (2) A t h l e t i c a b i l i t y , (3) Motor a b i l i t y , 
(4) P h y s i c a l f i t n e s s performance, (5) Dynamic ob j e c t ( i . e . 
mainly b a l l ) c o n t r o l , and (6) B o d i l y co-ordinat&on ( g y m n a s t i c s ) . 
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The importance of t h i s study was t h a t f o l l o w i n g on Brace's 
concept of two types of motor l e a r n i n g i t pointed the way to a 
s p l i t t i n g up of the o r i g i n a l l y envisaged s i n g l e motor e d u c a b i l i t y 
f a c t o r i n t o areas of r e l a t e d f a c t o r s . S e v e r a l r e s e a r c h e r s have 
claimed t h a t the Brace and Johnson t e s t s are measuring of 
d i f f e r e n t a b i l i t i e s and McGraw's f u r t h e r c o n c l u s i o n t h a t he saw 
the p o s s i b i l i t y of the e x i s t e n c e of l e a r n i n g f a c t o r s s p e c i f i c 
to d i s t i n c t s k i l l s obviously needs f u r t h e r r e s e a r c h . McG-loy 
and Young (8) f o r these reasons maintained t h a t the present 
t e s t s (Iowa Brace and Johnson mainly) would e v e n t u a l l y prove 
to be inadequate and would probably be r e p l a c e d by t e s t s d e v i s e d 
to measure s i n g l e f a c t o r s or s e t s of r e l a t e d f a c t o r s . 
A study concerning the a b i l i t y of a group of c o l l e g e men to 
l e a r n w r e s t l i n g s k i l l s was reported by Gross (49) i n 1956. Two 
t e s t s of motor e d u c a b i l i t y , the Iowa Brace and Johnson t e s t s 
were given followed by a s i x week's programme of w r e s t l i n g 
i n s t r u c t i o n . Three competent judges then a s s e s s e d w r e s t l i n g 
a b i l i t y . Both zero order and m u l t i p l e c o r r e l a t i o n s were c a l c u l -
a t e d i n an e f f o r t to evaluate the u s e f u l n e s s of the t e s t s i n 
determining the a b i l i t y to w r e s t l e . R e s u l t s showed a low c o r r e l -
a t i o n (0.40 0.11) between the Iowa Brace and Johnson t e s t s -
once again demonstrating t h a t the two t e s t s were not measures of 
the same a b i l i t y . The Iowa Brace t e s t f o r e c a s t e d w r e s t l i n g 
a b i l i t y b e t t e r than the Metheny r e v i s i o n of the Johnson t e s t as 
the f o l l o w i n g e x t r a c t from the r e s u l t s show:-
Correlaticn of wrestling ability with Metheny ffevision 0.332 i t 0.12 
Correlation of wrestling a b i l i t y w i t h Iowa Brace 0.459 ^  0.11 
42". 
Here the author of the present study points out t h a t as 
muscular s t r e n g t h i s an important f a c t o r i n a c h i e v i n g success i n 
w r e s t l i n g , and n e i t h e r t e s t claims to measure t h i s , the low 
c o r r e l a t i o n s obtained w i t h both t e s t s may thus be ex p l a i n e d . 
Gross i n f a c t claims that the s t r e n g t h index used gave a b e t t e r 
index of the a b i l i t y to l e a r n w r e s t l i n g than d i d the Iowa Brace 
or Johnson t e s t s . 
Two B r i t i s h r e s e a r c h e r s who have s t u d i e d the Iowa Brace 
Test are O l i v e r and Glover. I n choosing h i s motor e d u c a b i l i t y 
t e s t as p a r t of a motor a b i l i t y measuring b a t t e r y to be used 
w i t h e d u c a t i o n a l l y sub-normal c h i l d r e n O l i v e r (16) considered 
u s i n g the Iowa Brace t e s t and a f t e r some experiments w i t h i t 
commented t h a t p r a c t i c e e f f e c t was high, but many of the st u n t s 
were not l i k e l y to be used i n genera l a c t i v i t y , and were t h e r e -
- f o r e s u i t a b l e . He found, a l s o , t h a t the t e s t was easy to score 
and a d m i n i s t e r . Glover ( 5 ) t r i e d both the Metheny-Johnson and 
Iowa Brace t e s t s before concluding t h a t "so f a r as could be seen" 
one t e s t was n e i t h e r i n f e r i o r nor s u p e r i o r to the other, however, 
he f i n a l l y decided i n favour of u s i n g the Metheiiy-Johnson t e s t 
as h i s measure of motor e d u c a b i l i t y , mainly because of h i s 
i n t e r p r e t a t i o n of past r e s e a r c h e s , which he claimed showed t h a t 
the value of the Iowa Brace t e s t as a measure of motor educab-
- i l i t y had never been p r o p e r l y e s t a b l i s h e d , although he admitted 
i t had been used by the Americans i n many s t u d i e s f o r t h i s 
purpose. 
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Researches i n t o the Johnson Test 
When Johnson (40) s e t up h i s t e s t "battery i n 1932 he reported 
a v a l i d i t y c o e f f i c i e n t of 0.69, hut u n f o r t u n a t e l y d i d not s t a t e 
a g a i n s t what c r i t e r i o n i t was measured. Some years l a t e r i n a 
study which has been often quoted by some and much c r i t i c i s e d by 
others, Koob (50) v a l i d a t e d the t e s t a g a i n s t the number of t r i a l s 
r e q u i r e d f o r a group of boys to l e a r n ten gymnastic s k i l l s . Koob 
reported a v e r y h i g h c o r r e l a t i o n of 0.9687 between the Johnson 
Test and motor e d u c a b i l i t y as he understood the term. 
I n h i s f a c t o r a n a l y s i s of motor a b i l i t y v a r i a b l e s (1941), 
Larson (45) found a c o r r e l a t i o n of 0.6475 between the Johnson 
Test and motor e d u c a b i l i t y . As the p h y s i c a l t e s t s used i n t h i s 
experiment were three mainly concerned w i t h dynamic s t r e n g t h and 
power (chinning, dips and v e r t i c a l jumps) i t i s not s u r p r i s i n g 
t h a t the Iowa Brace items had a s l i g h t l y lower c o r r e l a t i o n of 
0.6094. I t i s worth noting once again t h a t these two t e s t s 
scored by f a r the h i g h e s t of a l l t e s t s involved i n the study on 
Larson's f a c t o r three (motor e d u c a b i l i t y ) . 
G i re and Espenschade (42) i n 1942 produced t h e i r t a b l e 
showing the i n t e r - r e l a t i o n s h i p of the Brace, Iowa Brace and 
x 
Johnson t e s t s , t h i s showed s u b s t a n t i a l r e l a t i o n s h i p between the 
Iowa Brace and Johnson t e s t s . The r e l i a b i l i t y f i g u r e s quoted f o r 
the t e s t s were not p a r t i c u l a r l y high, (Iowa Brace 0.7421, Johnson 
0.611), the r e s e a r c h e r s u s i n g the " s p l i t h a l f " method f o r a l l 
t h r e e . A general c o n c l u s i o n was t h a t none of the three t e s t s 
X See Page 37 
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measured a c c u r a t e l y the ease w i t h which 195 g i r l s i n C a l i f o r n i a n 
Junior High Schools l e a r n e d new s k i l l s i n b a s k e t b a l l , v o l l e y b a l l 
and b a s e b a l l . 
McCloy (8) maintains t h a t performance i n the Johnson t e s t 
i s s u b j e c t to s i g n i f i c a n t improvement on r e t e s t i n g and t h a t 
p u p i l s who have learned elementary gymnastics have an advantage 
over those who have not p r a c t i s e d gymnastics. The reason f o r 
McCloyfe remarks would appear to be t h a t some of the t e s t s c l o s e l y 
resemble gymnastic s k i l l s , t h i s p a r t i c u l a r l y a p p l i e s to t e s t s 
5 and 7, which c o n s i s t of forward and backward r o l l i n g . McCloy 
a l s o c o n s i d e r s t h a t the Johnson t e s t i s more d i f f i c u l t to seore 
than the s t u n t t y p e - t e s t although he a l s o g i v e s h i s opinion 
t h a t the t e s t appears to be the most v a l i d measure of motor 
e d u c a b i l i t y y e t d e v i s e d . 
Metheny's (23) work i n 1938 reduced the Johnson t e s t to 
x 
f o u r items, two of which were of the r o l l i n g type- Obviously 
t h i s i n c r e a s e s by a s e r i o u s amount the i n f l u e n c e of p r a c t i c e 
p r e v i o u s l y commented on. Glover, as p r e v i o u s l y reported, 
considered both Iowa Brace and Metheny-Johnson t e s t s i n h i s 
study before d e c i d i n g on the Metheny-Johnson t e s t . Although he 
found l i t t l e to choose between them he made h i s d e c i s i o n "owing 
to what was brought out i n the review of previous r e s e a r c h " . 
I n h i s summary he commented th a t the only c o n c l u s i o n to be 
drawn from h i s study was that the Metheny-Johnson t e s t s were 
obviously measuring something d i f f e r e n t than the other seven 
X The four t e s t items are (1) Front R o l l , (2) Back R o l l , 
(3) Jumping h a l f - t u r n , (4) Jumping f u l l t u r n . 
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t e s t s which made up h i s t e s t b a t t e r y . He was c r i t i c a l of the 
"Jumping-Pull-Tum" t e s t which h i s sample found an almost 
impossible f e a t , w i t h the r e s u l t t h a t he modified i t i n h i s t r y 
"The d i s t r i b u t i o n of scores shows t h a t the "Jumping-Half-Tmrn" 
t e s t was a f a i r l y good d i s c r i m i n a t o r , but "Jumping-Pull-Turn" 
was f a r too d i f f i c u l t " . 
Nearly 70$ of the sample f a i l e d to score any marks out of ten on 
t h i s t e s t . Glover was a l s o c r i t i c a l of the forward r o l l t e s t , 
"because a boy under f i v e f e e t t a l l , no matter how badly he 
r o l l e d , was incapable of exceeding the d i s t a n c e of h i s 
a l l o t t e d h a l f l a n e " , (which i s 7 f t . 6 i n s . l o n g ) . 
The r e l i a b i l i t y c o e f f i c i e n t s found by Glover u s i n g the T e s t 
Ret e s t method were: 
As s e v e r a l r e c e n t s t u d i e s have shown the h i g h and uneven 
p r a c t i c e e f f e c t of these p a r t i c u l a r items i t i s not s u r p r i s i n g 
t h a t the r e l i a b i l i t y c o - e f f i c i e n t s are r a t h e r low when the t e s t -
r e t e s t method i s used. 
Commenting on t e s t s of motor educabiHity O l i v e r (16) r a t e s 
the Johnson t e s t as more d i f f i c u l t to score than the stunt type 
and says he has found i t a l s o took longer to a d m i n i s t e r . Obviou-
- s l y he i s r e f e r r i n g to the f u l l Johnson t e s t , and the Metheny 
r e v i s i o n , having only f o u r items i n s t e a d of Johnson's ten, 
l a r g e l y e l i m i n a t e s these o b j e c t i o n s . 
out to 180 i n s t e a d of 360 . He concluded:-
Jump Turn 1. (Jumping Half t u r n ) 
Jump Turn 2.. (Jumping P u l l t u r n ) 
R o l l 1 , 






I n studying motor educability w i t h regard to the rate of 
learning to s k i , Ward (51) i n 1962 used the Johnson t e s t ; 
apparently the f u l l t e s t was carried out and Ward declared that 
the Johnson t e s t seemed t o be the most acceptable f o r his purpose, 
however, he does comment:-
"One study (that of Koob) has found a high c o r r e l a t i o n between 
the time required to learn ten tumbling s k i l l s and the Johnson 
t e s t . Against t h i s i t must be noted that the Johnson t e s t 
involves tumbling s k i l l s and that a high c o r r e l a t i o n may be 
expected. I t was f e l t that the Johnson t e s t would be more 
acceptable i f i t correlated highly w i t h a number of other 
a c t i v i t i e s , and that ski-ing might w e l l be one of these 
a c t i v i t i e s . " 
Scores gained on the Johnson t e s t were arranged i n rank order 
and correlated w i t h the assessed rank order of sk i - i n g a b i l i t y . 
There were thirty-one subjects i n the group and the rank order 
of scores on the Johnson t e s t gave rho = + 0.38 w i t h the t o t a l 
rank order of sk i - i n g a b i l i t y . I t i s i n t e r e s t i n g to note that 
eleven of the subjects competed i n a slalom, i n which placings 
were given opt the r e s u l t of each individual's best time- and the 
Johnson tes t then gave the results of rho B 0.76 w i t h the rank 
order of positions on the slalom. Ward asserted that there 
were some d i f f i c u l t i e s i n the administration of the te s t s , but 
did not say i n what way. Also that there seemed to be a cert a i n 
degree of s u b j e c t i v i t y w i t h i n an objective t e s t . One c r i t i c i s m • 
he made was the now f a m i l i a r one that three of the test items 
appeared to favour those subjects who had gymnastic experience. 
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Ward's general conclusion was that scores on the Johnson t e s t 
d i d not themselves give an adequate "basis f o r the selection of 
students f o r a ski-camp. Another i n t e r e s t i n g point brought out 
was that a t e s t of motor educability might he of some value i n 
the selection of students f o r Physical Education courses, because 
students on interview may r e f l e c t learning rather than p o t e n t i a l , 
owing to the v a r i a t i o n of the work i n d i f f e r e n t schools. 
Wright (36) i n 1963 working i n London along l i n e s somewhat 
simi l a r t o the present study, found that the f u l l Johnson tes t 
"proved to be quite e f f i c i e n t " i n d i v i d i n g classes i n t o homo-
-geneous groups, and quotes a c o r r e l a t i o n c o e f f i c i e n t of 0.70 
wi t h his i n t e r n a l gymnastic t e s t . He d i d , however, declare that 
i t s one b i g disadvantage was the time taken f o r i t s administration 
(approximately f o r t y f i v e minutes t o te s t ten pupils w i t h a s t a f f 
of two masters), and preferred the Metheny revi s i o n w i t h which he 
was able to test t h i r t y to t h i r t y f i v e pupils i n the same time. 
Wright obtained a low co r r e l a t i o n between the Johnson t e s t and 
the Iowa Brace tes t (0.49), and indicated also that i n his view 
the Iowa Brace test "did not prove to be a sa t i s f a c t o r y method 
of selection". 
Other Tests of Motor Educability 
• - — - - - *• 
Harrison Clarke (18) i n the most modern e d i t i o n of his work 
on measurement i n physical education (1959), l i s t s only the 
o r i g i n a l and revised versions of the Brace and Johnson t e s t s . 
This i s i n contrast w i t h the book of McCloy and Young (8)"(1954), 
which d e t a i l s several others of general-motor educability 
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- including the H i l l t e s t (52) and the Carpenter stunt t e s t (53), 
which are r e a l l y offshoots of the Brace t e s t , and the Carpenter 
mat t e s t which i s based on the Johnson t e s t . Some researchers 
have concentrated on specific aspects of motor educability and 
have constructed tests f o r a l l the known h a l l games, p a r t i c u l a r l y 
those played i n America; balance, both s t a t i c and dynamic; rhythm; 
Kinesthesia and a t h l e t i c s i n t e l l i g e n c e , i n the construction of 
which many ingenious pieces of apparatus have been devised. Most 
of the i n d i v i d u a l tests have a c o r r e l a t i o n of about 0.4 to 0.6 
wi t h the established tests of general motor educability, but as 
yet they have not supplanted the established "general" motor 
educability tests as McCloy thought they would. 
An important research i n t o motor educability so f a r as the 
present study i s concerned, was conducted by Adams (54) i n 1954 
at Louisiana State University. Prom a study of the h i s t o r y of 
motor educability t e s t i n g Adams came to the same conclusion as 
the author of the present study, i . e . that there are two types 
of motor educability, what he c a l l s ..stunt type and "sport-type", 
and what the present author prefers to c a l l , (a) gymnastic and 
a t h l e t i c type, and (b) b a l l s k i l l s type. Adams selected four 
tests f o r his f i n a l battery of "sport-type" learning measures, 
a l l of them b a l l s k i l l s , using a v o l l e y b a l l twice and a tennis 
b a l l and a basket b a l l once each. Adams measured his sport 
educability score by using a regression equation as follows: 
Sport Educability Score = 7.2 (wall volley) 17.3 
(Tennis B a l l Catch) + 2.7 ( B a l l Bounce) "t 19.2 
(Basketball Shoot). 
The tests were developed f o r college men, and Adams claimed 
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- - a c o r r e l a t i o n of 0.79 between his four tests and the f o r t y -
nine learning tests which he o r i g i n a l l y studied. Parts of 
Phase one of the present study may be regarded as complementary 
i n some respects to that of Adams who was at t h i s time 
concerned only with b a l l s k i l l s . 
JC H A P T E R V 
REVIEW OF RESEARCH RELATING TO THE MEASUREMENT 
OF MOTOR ABILITY. 
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The Measurement of Motor A b i l i t y . 
U n t i l the second decade of the present century nearly a l l 
the attempts to measure motor a b i l i t y concerned themselves w i t h 
either anthropometric measurement or strength or a combination 
of both. Early workers i n the f i e l d , l i k e Hitchcock and his 
p u p i l Sargent i n the 1860's and 1870's, held the b e l i e f that 
strength was the key to a l l physical prowess, and that i t could 
be assessed i n terms of muscle bulk and bodily proportions alone. 
Physiologists of the period also pointed out the obvious f a c t 
that i f t h i s was so then motor a b i l i t y must also depend on the 
sati s f a c t o r y working of the c i r c u l a t o r y system. McLeish (55) 
refers to one test battery popular i n the 1890's which consisted 
e n t i r e l y of physical measurements such as height, weight, lung 
capacity and speed of simple reactions. I n 1912 a college 
group at Indiana University devised a t e s t of general motor 
a b i l i t y , the passing of which earned membership of an a t h l e t i c 
f r a t e r n i t y "Sigma Delta Sigma Psi". The test consisted of 
twelve sections including a t h l e t i c events, swimming, gymnastics 
and games s k i l l s . Times and distances, or standards of perform-
-ance were l a i d down. I t i s i n t e r e s t i n g to note that t h i s t e s t 
has constantly been revised and i s s t i l l used i n some American 
States. I n the follo w i n g years the change of emphasis from 
calisthenics to i n t e r - c o l l e g i a t e sports and games greatly 
influenced the f i e l d of measurement and tests of a simila r 
nature to the "Sigma Delta Sigma Psi" t e s t , the o r i g i n a l aim of 
which was to arouse the in t e r e s t of boys and g i r l s i n physical 
e f f i c i e n c y , were devised. As i s usual i n a new f i e l d of study 
52. 
there was a great tendency at t h i s time t o oversimplify the 
problems involved and as yet t e s t construction had not been 
thought of i n the l i g h t of s t a t i s t i c a l knowledge and techniques; 
however by the l a t e 1920's some of the techniques developed by 
psychologists i n the f i e l d of i n t e l l i g e n c e measurement were being 
adapted to physical education problems, and t h i s caused a great 
amount of re-thinking w i t h consequent advances i n t e s t i n g 
techniques. 
Dr. Brace was early i n the f i e l d and published his twenty 
item t e s t i n 1927 (39). Brace claimed a r e l i a b i l i t y of 0.9 f o r 
the whole t e s t which he standardized on performances of both 
sexes between the ages of 8 and 18. V a l i d i t y was examined 
against the following two c r i t e r i a : -
1. Subjective judgment of experts (which correlated i n the 
order of 0.68 w i t h the t e s t s ) . 
2. Performance of track and f i e l d events (0.8) 
Brace appears to the author t o be the f i r s t physical 
education tester to attempt to appiy s t a t i s t i c a l theory t o his 
work. Brace's arrangement of the order of his test shows the 
obvious influence of the Stanford-Binet method of arrangment -
from easy to hard items. The emphasis of t e s t i n g during the 
next decade appears to have s h i f t e d to the aearch f o r a t e s t 
which would simply measure a l l round physical a b i l i t y quickly 
and w i t h as few tests as possible. I n t h i s period the tests 
devised were usually headed "General ", e.g. "A t e s t 
of General A t h l e t i c A b i l i t y " , by Cozens (56) i n 1930, who 
attempted to c l a s s i f y students through a t h l e t i c a b i l i t y , f i n d i n g 
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a co r r e l a t i o n of 0.97 "between seven tests designed to measure 
the elements of motor a b i l i t y and s. composite c r i t e r i o n of 
motor a b i l i t y . Cozens also claimed that his t e s t c l e a r l y 
d i f f e r e n t i a t e d the a t h l e t i c and non-athletic groups. "Meanwhile", 
says Glover ( 5 ) , "Physical Educationists did not seem to real i z e 
f u l l y the s p e c i f i c i t y of gross motor s k i l l s , probably because 
they had not s u f f i c i e n t psychological s k i l l i n dealing w i t h t e s t 
r e s u l t s " . Johnson (40) believed that general motor a b i l i t y 
could be expressed as an index and also that motor a b i l i t y had 
much i n common wi t h mental a b i l i t y . He seems t o have been 
impressed by the idea of Wayman (25), who asked i n 1930, "Should 
a motor a b i l i t y t e s t measure neuro muscular capacity j u s t as an 
int e l l i g e n c e t e s t measures brain capacity?", because Johnson i n 
1932 stated that his aim was to measure "native neuro-muscular 
s k i l l capacity". The use of the strength index as a method of 
measuring motor a b i l i t y dates from t h i s period and Harrison 
Clarke (18) quotes especially the work of Rogers, who i n 1926 
standardized t e s t i n g procedures and developed norm tables f o r 
t h e i r i n t e r p r e t a t i o n . Rogers found a c o r r e l a t i o n of 0.78 
between his strength index and a t h l e t i c a b i l i t y , and i n a second 
experiment found an even higher c o r r e l a t i o n of 0.81 between the 
strength index and a series of tests which may be described 
as a l l round sports s k i l l s . Other devices f o r the use of strength 
indices to measure motor a b i l i t i e s may be read i n Harrison 
Clarke's textbook, pages 284 - 290. 
The research i n motor a b i l i t y t e s t i n g up to 1941 was 
adequately summed up by Larson (45), who c l a s s i f i e d motor a b i l i t y 
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test construction i n t o three groups:-
(1) Those dealing w i t h the fundamental elements underlying the 
performance of the s k i l l measured, such as speed, accuracy, 
endurance, control of voluntary movements, a g i l i t y , balance, 
body co-ordination, sensory motor co-ordination, rhythm, body 
structure, s h i f t i n e s s and strength. 
(2) Those dealing with the fundamental s k i l l s of physical / 
education - running, jumping, v a u l t i n g , throwing, k i c k i n g , &c. 
(3) Those dealing w i t h sports s k i l l s such as the s k i l l s required 
i n the major b a l l games. 
Section (1) represents the cause, that i s i t i s research 
i n t o the basic elements of performance. Sections (2) and (3) 
represent the effect, they are researches i n t o fundamental 
gymnastic or sport s k i l l s . 
I t i s obvious from Larson's c l a s s i f i c a t i o n that by 1940, 
motor a b i l i t y researchers were w e l l i n t o what Glover described 
as the "Period of s t a t i s t i c a l analysis", which started when 
McCloy (38) f i r s t used Thurstone's multiple factor analysis i n 
his work on the measurement of general motor capacity. However, 
i n spite of his new s t a t i s t i c a l approach McCloy i n 1934 was s t i l l 
t h inking i n terms of "general" motor capacity and a b i l i t y . 
McCloy's t e s t battery consisted of: 
(a) Sargent Jump ( V e r t i c a l Jump) 
(b) Burpee*.: Test (Squat Thrust) 
(c) Iowa Brace Items 
(d) A C l a s s i f i c a t i o n Index worked out up to 17 years 
of age, which measured by formula body size and 
maturity. 
(e) P u l l up strength. 
McCloy i n his c r i t e r i o n used two parts, (a) Motor Tests, 
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— ( b ) Teacher's subjective opinions (called assessments). One 
point of i n t e r e s t to the present study was that McCloy used a 
d i f f e r e n t c r i t e r i o n f o r g i r l s , omitting the e f f e c t of body size 
as he had e a r l i e r discovered that t h i s added but l i t t l e to the 
c r i t e r i o n so f a r as g i r l s were concerned. The battery was 
standardized on the performance of 755 children whose age range 
was not stated (422 boys, 333 g i r l s ) . Following McCloy's lead 
several f a c t o r analyses were made of either the whole range of 
motor a b i l i t y or selected parts, these are summarized below: 
1955, Emma McCloy (58), i n two experiments analysing stunt type 
tests found i n one three f a c t o r s , strength, v e l o c i t y , and large 
muscle co-ordination: and i n the other strength, v e l o c i t y and 
dead weight; her d e f i n i t i o n of dead weight was that part of 
weight which does not contribute to strength. 
1937, Rarick (57) made an analysis of speed i n a t h l e t i c events 
and found the factors of general strength, Velocity, height, arm 
strength, dead weight and muscle latency. I n the same year 
Coleman (59) working i n the f i e l d of v e l o c i t y i d e n t i f i e d three 
f a c t o r s , strength, speed of muscular contraction and weight. 
1958, (a) Hutto (60) measuring a t h l e t i c power i n high school boys 
found the f o l l o w i n g f a c t o r s : strength, weight, muscle v e l o c i t y , 
structure and an arm strength f a c t o r . (He concluded that 
combinations of v e l o c i t y and strength measures could accurately 
predict a t h l e t i c power). 
(b) Wendler (22), analysing a large number of s k i l l s 
commonly used i n physical education isolated four main f a c t o r s , 
^ strength, v e l o c i t y or speed of movement, motor educability, and 
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- -sensori-motor coordination. 
(c) Metheny (23) i n the study which resulted i n the Metheny 
rev i s i o n of the Johnson tes t made a fact o r analysis of the 
several tests which she used to measure motor a b i l i t y , and found 
three main fa c t o r s : speed of movement, strength and motor educ-
- a b i l i t y . 
Of t h i s period Glover (5) says: 
"A study of analyses carried out i n the immediate Second 
World War era reveals evidence of great improvement i n the 
r o t a t i o n of axes to produce meaningful results from data. 
Early i n the period there i s d i f f i c u l t y i n i n t e r p r e t i n g 
investigation f indings, towards the end resul t s can c l e a r l y 
be seen." 
and l a t e r : 
"There i s a general agreement i n the analyses despite the 
wide range of a b i l i t i e s measured and the great d i v e r s i t y of 
subjects who took part i n the experiments." 
I n his 1940 study Larson (61) analysed some strength tests 
and found two factors which he called dynamic and s t a t i c dyna-
-mometrical strength. By dynamic strength Larson meant the 
strength used to l i f t the body weight and propel i t . By dynamo-
-metrical strength he meant the a b i l i t y to squeeze, push, p u l l 
or l i f t . To measure dynamic strength Larson used dips, chinning 
the bar and the v e r t i c a l jump, and concluded that his measure of 
t h i s factor was about three times more s i g n i f i c a n t i n pr e d i c t i n g 
a composite index of motor a b i l i t y than s t a t i c dynamometrical 
strength as measured by back l i f t , leg l i f t , pushing a b i l i t y and 
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-hand g r i p . I n the author's opinion t h i s discovery of two d i s t i n c t 
strength factors was Larson's main contribution to the f i e l d of 
gross motor a b i l i t y measurement and dynamic tests have been 
included i n the present te s t battery i n preference to dynamometer 
operations. Larson (45) followed t h i s i n 1941 w i t h an attempt to 
construct a t e s t of motor a b i l i t y and to establish a c l a s s i f i c a t i o n 
scale. Larson i n f a c t constructed two t e s t s , which he called 
his indoor and outdoor t e s t s . The indoor te s t which concerns 
the present study consisted of a dodging run, Bar-snap, chinning, 
dipping and v e r t i c a l jump. The multiple c o r r e l a t i o n of the t e s t 
w i t h the c r i t e r i o n measure was R =.0.97 and according to Larson 
the te s t indicated a b i l i t y i n the basic elements underlying 
sports s k i l l s . (He also claimed the t e s t would predict motor 
a b i l i t y to a high degree of accuracy). Larson himself regarded 
the f a c t that he used a "one i n s t i t u t i o n sample of rather 
selected young men" as a serious l i m i t a t i o n to his work, and also" 
stated that his c l a s s i f i c a t i o n index i s not a norm. I n preparing 
his t e s t battery Larson f i r s t selected several w e l l known t e s t 
items and matched them with elements underlying motor s k i l l 
performance, his f a c t o r analysis revealed four factors which he • ; 
claimed to represent: 
(1) Dynamic Strength 
(2) Static Dynamometrical strength 
(3) Gross bodily co-ordination 
(4) Abdominal strength 
Larson argued that i t was l o g i c a l to assume that a b i l i t y i n 
the selected s k i l l s was dependant on f a c t o r three, as a poorly 
co-ordinated person would not be able to u t i l i z e proper body 
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mechanics f o r e f f e c t i v e r e s u l t s . Factor four was d i f f i c u l t t o 
describe, the items tending to cluster "seeming to be determined 
l a r g e l y by abdominal strength". 
A selection from Larson's rotated f a c t o r loadings reads:-
No. Factor Factor Factor Factor 
one, two, three, four, 
5. Floor Dips 0.5270 0.2831 -0.1127 0.2675 
8.. St.Br. Jump 0.6187 0.2595 0.1510 -0.0566 
10. St.H.S. Jump 0.6069 0.1754 0.1385 -0.1385 
23. Chinning 0.7035 0.2883 -0.1817 0.1099 
Pondering over his res u l t s Larson realized that the question 
to be answered was, "What was the significance of the factors 
i n terms of a performance c r i t e r i o n of motor a b i l i t y ? " . He 
therefore selected the three dynamic strength items which had 
the highest c o r r e l a t i o n w i th his c r i t e r i o n of motor a b i l i t y 
(chinning, dips and v e r t i c a l jump) and determined t h e i r r e l a t i o n -
-ships w i t h seven other tests not used i n his f i r s t experiment. 
The fa c t o r analysis again yielded four f a c t o r s : 
Factor 1 gross bodily co-ordination and a g i l i t y . The side-step 
tes t (0.6504) and the zig-zag t e s t (0.5821) showed the greatest 
rotated loadings with t h i s f a c t o r . 
Factor I I dynamic strength. Highest loading Dips (0.6840), 
chinning (0.7821). 
Factor I I I motor educability. Brace (0.6094), Johnson (0.6475), 
showed by f a r the highest loadings. 
Factor IV motor explosiveness. V e r t i c a l jump (0.4453), although 
low t h i s was by f a r the highest loading i n t h i s f a c t o r . 
Larson's c r i t e r i o n measure used to evaluate the t e s t items 
consisted of a number of tests designed to measure the various 
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elements underlying motor s k i l l s , each tes t item was correlated 
w i t h the c r i t e r i o n measure to determine i t s significance i n 
predicting the c r i t e r i o n . Reading from Larson's table of 
c r i t e r i o n correlations the Bar-snap recorded the highest c o r r e l -
a t i o n (0.7723) followed by chinning (0.6965), standing broad 
jump (0.6803) and the v e r t i c a l jump (0.6062). To score the tests 
Larson changed his raw scores to "weighted standard scores", the 
sum of these being the "Index score". One side issue explored 
by Larson was the co r r e l a t i o n of age, height and weight w i t h 
motor a b i l i t y , and even remembering that the sample consisted of 
295 college men, his r e s u l t s are of i n t e r e s t to the present 
study as they show correlations of only 0.1149, 0.0696 and 
-0.2105 respectively, which would suggest that i n measuring 
motor a b i l i t y , pure measures of age, height and weight are of 
l i t t l e account. 
Powell and Howe (62) had i n 1939 made a study simil a r to 
Larson's i n some ways and t h i s produced the Newton motor a b i l i t y 
t e s t f o r use w i t h high-school g i r l s . The te s t battery was based 
on an objective c r i t e r i o n of selected strength, power, speed and 
body co-ordination items and the researchers claimed a multiple 
c o r r e l a t i o n of 0.91 w i t h the c r i t e r i o n . The f i n a l battery con-
-sisted of standi.ng broad jump, a "baby hurdle" race and a 
"scramble" event. This study and part of that of Scott and 
French (63) i n 1950, covering a sim i l a r f i e l d are f u l l y reported 
by Clarke (18) and are i n t e r e s t i n g mainly because of the e f f o r t s 
being made at t h i s time to produce tests which included as few 
items as possible, obviously i n order to cut down the t e s t i n g 
time. Scott's o r i g i n a l battery included an obstacle race and 
l a t e r she found that even here she had to eliminate the o r i g i n a l 
hurdles and substitute spots on the f l o o r f o r stools i n order 
to make the test less time consuming, less dangerous and "not 
a tes t to be feared". Later Seymour (64) i n 1953 and Barrow 
(65) i n 1954 produced test batteries which achieved s i m i l a r 
objects i n t e s t i n g college men. Barrow selected f i r s t s i x 
items from twenty nine and l a t e r three items from the same 
twenty nine which correlated 0.95 and 0.92 respectively with 
the t o t a l score of performances of the whole twenty nine items. 
Seymour cut down the e x i s t i n g eight item. Emory University Test 
to four sub-tests and using the t o t a l score on the f u l l t e s t 
as a c r i t e r i o n claimed a c o r r e l a t i o n of 0.987. 
P h i l l i p s (47) i n 1949, examined a series of physical 
education tests by fact o r analysis (using Thurstone's method) 
and concluded that four main factors emerged (1) general strength 
(2) abdominal strength (3) v e l o c i t y (speed) (4) an u n i d e n t i f i e d 
f a c t o r . Two sub-tests of power of i n t e r e s t to the present 
study were included, the jump reach and the standing broad jump. 
P h i l l i p s claimed that neither t e s t had a high c o r r e l a t i o n w i t h 
her factors one and two, the highest (0.6840) being between, 
the standing broad jump and the speed fact o r and the lowest 
(0.1914) between jump reach and the strength f a c t o r . She 
accepted the d e f i n i t i o n of power as "force times v e l o c i t y " , 
i . e . i n t h i s case strength times speed, and n a t u r a l l y from t h i s 
X See "Evaluation i n Physical Education" by Scott & French 
(Chapter VI.) 
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evidence concluded that the standing broad jump appeared to be 
a better measure of power than jump reach. Carpenter (66) had 
ten years previously found a much higher c o r r e l a t i o n (0.5267) 
between the Sargent Jump (a version of jump reach) and the f a c t o r 
of power, t h i s discrepency may be due to the difference i n 
methods of administering the t e s t s , as McCloy (67) had even 
before t h i s concluded that the Sargent Jump was only a v a l i d 
and r e l i a b l e t e s t when "standardised, practised and c o r r e c t l y 
administered". 
I n making his fac t o r analysis of motor learning McGraw (48) 
considered previous significance levels achieved i n motor tests 
up to that time (October 1949) and concluded that i n tests of 
physical a b i l i t y with normally sized samples correlations of 
under 0.20 were held to have no s i g n i f i c a n t r e l a t i o n s h i p , c o r r e l -
a t i o n s of 0.20 to 0.40 were low but s i g n i f i c a n t , 0.40 to 0.70 
had considerable significance and those of over 0.70 were very 
s i g n i f i c a n t . The reasons why correlations found s i g n i f i c a n t i n 
physical tests are generally somewhat lower than those considered 
necessary i n assessing the value of mental tests seem to the 
author to be that i n order to eliminate a l l advantages so that 
comparison can be made i n respect of motor a b i l i t y alone, a 
complexity of factors embracing f u n c t i o n a l and s t r u c t u r a l 
mechanisma of the body must be taken i n t o account. The question 
of how important these factors are i n the measurement of motor 
a b i l i t y has not yet been s a t i s f a c t o r i l y answered and i s s t i l l a 
problem f o r research. 
I n March 1952 McHone, Tompkin and Davis (68) investigated 
the p o s s i b i l i t y of s e t t i n g up sh o r t t e s t " b atteries, e a s i l y 
administered, to a s s e s s the motor a b i l i t y of high, school boys. 
I n t h e i r p r e l i m i n a r y survey they expressed the opinion t h a t i n 
small h i g h schools t e s t i n g , as an educational t o o l , had been 
neglected, as a r e s u l t " p u p i l s l a c k d e f i n i t e o b j e c t i v e s and the 
i n s t r u c t o r i s unable to a s s e s s the e f f e c t i v e n e s s of h i s program". 
They b e l i e v e d t h a t l a c k i n g adequate c r i t e r i a i t was permissable 
i n t h i s context to a s s e s s v a l i d i t y s a t i s f a c t o r i l y through the 
e x e r c i s e of "informed s u b j e c t i v e judgement". Using a s e r i e s of 
nineteen w e l l known a c t i v i t i e s they produced s e v e r a l short 
b a t t e r i e s from which modified T scor e s were c a l c u l a t e d . Speed, 
balance and f l e x i b i l i t y were not mentioned as f a c t o r s of primary 
importance y e t t h e i r presence or absence i n the s u b j e c t w i l l 
obviously a f f e c t the s u b j e c t ' s s c o r e , i n f a c t the r e s e a r c h e r s 
agree t h a t the genera l nature of the t e s t items i n t h e i r 
recommended b a t t e r i e s w i l l d e t r a c t from the d i a g n o s t i c value of 
the t e s t , but they c l a i m t h a t t h i s a t the same time i n c r e a s e s 
the p r o b a b i l i t y t h a t a l l f a c t o r s a f f e c t i n g p h y s i c a l e x e r c i s e 
are being measured. 
T y p i c a l b a t t e r i e s a r e : -
No. 1. Standing Broad Jump, medicine b a l l push shot, squat 
t w i s t and l e g r a i s e , f o r which a m u l t i p l e r e l i a b i l i t y 
of 0.90 i s claimed. 
Wo. 3. Standing Broad Jump, medicine b a l l push shot and l e g r a i s e ( M u l t i p l e r e l i a b i l i t y 0.92). 
No. 6. Standing Broad Jump, medicine b a l l push shot, dipping 
on the p a r a l l e l bars and l e g r a i s e ( M u l t i p l e 
r e l i a b i l i t y 0.91). 
Humiston (69) i n 1937 evolved a t e s t f o r measuring the 
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-motor a b i l i t y of High School g i r l s , t h i s was somewhat unusual 
as i t c o n s i s t e d of a s e r i e s of t e s t s arranged r a t h e r l i k e an 
obst a c l e course, or i n more modern terms, a c i r c u i t t r a i n i n g 
course. The c i r c u i t included running, jumping, quick change of 
body p o s i t i o n , g e t t i n g over o b s t a c l e s , dodging and hand-eye 
co - o r d i n a t i o n . Advantages claimed f o r the t e s t were t h a t i t 
could be administered by one teacher, i t was economical i n time 
and equipment, and the r e s u l t s could be recorded as a s i n g l e 
s c o r e . Kammeyer (70) i n October 1956 examined the t e s t , modified 
i t , determined i t s r e l i a b i l i t y by four t r i a l s and i t s v a l i d i t y 
by two c r i t e r i a : -
(1) The performance of the s u b j e c t i n a b a t t e r y of a t h l e t i c 
s k i l l t e s t s , (the r e s t s were V o l l e y B a l l v o l l e y , Basket 
b a l l pass a g a i n s t a w a l l , S o f t b a l l throw f o r d i s t a n c e , 
Standing Broad Jump and Jump Reach). 
(2) The p a r t i c i p a t i o n of the s u b j e c t i n e x t r a c u r r i c u l a r 
a c t i v i t i e s , ( o b v i o u s l y by t h i s Kammeyer meant a c t i v i t i e s 
i n a t h l e t i c s ) . 
Kammeyer was disappointed w i t h the r e l i a b i l i t y c o - e f f i c i e n t 
obtained between the f i r s t and second t r i a l s (0.428 i t 0.049) but 
the c o r r e l a t i o n between the t h i r d and f o u r t h t r i a l s was 0.85 — 
0.017. The v a l i d a t i o n r e s u l t s of the t e s t were not c l e a r l y 
s t a t e d but Kammeyer Ts choice of three s p o r t s type b a l l s k i l l s 
as p a r t of her c r i t e r i o n measure of a predominantly gymnastic 
and a t h l e t i c type t e s t r e q u i r e s explanation, which was not 
given i n the t e x t . Kammeyer concludes that "the t e s t was found 
to be a r e l i a b l e and v a l i d g e n e r a l motor a b i l i t y t e s t f o r High 
School g i r l s " . 
Kammeyer's adaptation of the Humiston t e s t known as "Olympia 







THE 'OLYMPIC MOTOR. ABILITY TEST 
(1) Maze run through 17 c h a i r s 
(2) Jump over horse (3'7" high) 
(3) Turn i n a c i r c l e and continue "between h a r r i e r s 
4) Climb and descend p e r p e n d i c u l a r ladder 
5) Pick up b a l l from hands of a student 
(6) Throw b a l l over a rope 7 f e e t h igh and c a t c h i t 
(7) Drop the b a l l and make a l a t e r a l r o l l on a mat 
(8) Crawl under a horse (2'9" h i g h ) 
(9) Run 50 f e e t to f i n i s h l i n e 
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I t must obviously be p o s s i b l e to t e s t more than one p u p i l 
a t a time on t h i s c i r c u i t , p r o v i d i n g no p a r t of the course i s 
d i s t u r b e d by the previous t e s t e e , but as time I s the v i t a l f a c t o r 
any suggestion of p u p i l s being slowed down by other t e s t e e s 
would i n v a l i d a t e the t e s t . 
Cumbee and H a r r i s (71) i n 1953 l i s t e d the c o r r e l a t i o n of 
s e v e r a l p h y s i c a l t e s t s w i t h t h e i r composite c r i t e r i o n of motor 
a b i l i t y without naming the f a c t o r s i n v o l v e d : -
F a c t o r C o r r e l a t i o n w i t h F a c t o r 
F a c t o r A Standing Medicine B a l l Throw 0.647 
S i t t i n g Medicine B a l l Throw 0.615 
Push Shot w i t h Medicine B a l l 0.545 
F a c t o r B Potato Race 0.572 
Dodge Run 0.451 
C i r c l e Scramble 0.251 
F a c t o r C Chinning the bar 0.685 
Dipping 0.561 
F a c t o r D Squat S t r e t c h 0.531 
Squat t w i s t 0.464 
F a c t o r E V e r t i c a l Jump 0.546 
Standing Broad Jump 0.473 
F a c t o r s A and E would seem to be concerned w i t h e x p l o s i v e power, 
F a c t o r s B and D w i t h v e l o c i t y and a g i l i t y , and F a c t o r C w i t h 
s t r e n g t h of shoulder g i r d l e . 
Working i n Manchester i n 1954, Glover 05") u s i n g a sample 
of eleven y e a r o l d secondary modern school boys evolved a t e s t 
of motor a b i l i t y w i t h a view to improving p h y s i c a l education 
l e s s o n s by p l a c i n g the boys i n homogeneous groups f o r c e r t a i n -
a c t i v i t i e s . Glover f u l l y r e a l i z e d the degree of s p e c i f i c i t y to 
be found i n f a c t o r s of gross motor a b i l i t y and i n order to ensure 
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t h a t h i s t e s t s were v a l i d i n content he analysed 242 s k i l l s 
from the p h y s i c a l education scheme of work i n vogue a t the time 
i n Manchester i n order to i n d i c a t e the r e l a t i v e importance of 
f a c t o r s i n h i s p a r t i c u l a r t e s t "battery. The four main f a c t o r s 
included i n h i s f i n a l b a t t e r y were:- (1) Strength, (2) Power, 
(3) Neuro-muscular c o - o r d i n a t i o n and speed i n l e g s and f e e t , 
(4) General motor l e a r n i n g , these were measured by elev e n sub-
t e s t s . Glover used a composite c r i t e r i o n of v a l i d i t y c o n s i s t i n g 
of two p a r t s , ( a ) S u b j e c t i v e assessments, (b) the r e s u l t s of an 
attainment t e s t , and claimed c o e f f i c i e n t s of r e l i a b i l i t y on 
t e s t - r e t e s t which v a r i e d from a maximum of 0.951 f o r medicine 
b a l l t h r u s t to a minimum of 0.492 f o r the Metheny Johnson Jump 
Turn No.l. As Glover d i d h i s t e s t - r e t e s t normally on one day 
i t i s reasonable to expect low c o e f f i c i e n t s of r e l i a b i l i t y on 
the Metheny Johnson Jump Turns because the p r a c t i c e e f f e c t i s 
high, a l s o the probable reason t h a t the r e l i a b i l i t y of the 
forward and backward r o l l s t e s t i s hi g h e r i s because the items 
are w e l l known to the c h i l d r e n and p r a c t i c e e f f e c t i s t h e r e f o r e 
of much l e s s s i g n i f i c a n c e . 
Glover's statement of r e l i a b i l i t y reads 
Test No. r t t N 
1. Press Ups 0.737 215 
2. P u l l Ups 0.863 210 
3. Medicine B a l l Push 0.951 228 
4. Standing Broad Jump 0.944 231 
5. Jump Reach 0.882 214 
6. S h u t t l e Run 0.759 220 
7. Squat Thrust 0.761 227 
8. Jump Turn 1. 0.492 94 
9. Jump Turn 2. 0.723 71 
10. Forward R o l l 0.793 65 
11. Backward R o l l s 0.825 65 
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Making an attempt to c l a s s i f y p u p i l s i n a Reading Compre-
hensive school f o r p h y s i c a l education l e s s o n s , Arnold (72) i n 
1960 expressed h i s i n t e n t i o n to "measure nature, r a t h e r than 
t r a i n e d s k i l l " and evolved a b a t t e r y to measure balance, speed, 
g e n e r a l a b i l i t y , muscular power and s t r e n g t h . Although Arnold's 
work has been c r i t i c i s e d on the grounds t h a t he has made 
assumptions i n experimental design and i n h i s e v a l u a t i o n which 
w i l l not stand up to s t a t i s t i c a l a n a l y s i s , he has, i n the author's 
opinion, made a commendable attempt to measure h i s p u p i l s ' 
a b i l i t y r e l a t i v e to one another u s i n g the gymnastic apparatus 
which came r e a d i l y to hand i n h i s p a r t i c u l a r t e a c h ing s i t u a t i o n . 
. Wallace and Biddle (73) working' i n Middlesex i n 1963 on the 
dynamic s t r e n g t h of f o u r t e e n year o l d schoolboys s t a t e d : 
"As a v e r y l a r g e number of s k i l l s we teach and perform I n the 
course of a boy's p h y s i c a l education l e s s o n depend to a 
gre a t extent on a moderate degree of s t r e n g t h , we have used 
t e s t s to measure the dynamic s t r e n g t h of boys of a p a r t i c u l a r 
age, hoping t h a t a t a l a t e r stage we, or others workers, may 
be able to show they are u s e f u l i n d i c a t o r s of a c h i l d ' s 
c a p a c i t y f o r motor performance. I t seems to 
o f f e r an opportunity to pursue some u s e f u l r e s e a r c h 
v a l i d a t i n g , or I n v a l i d a t i n g , these t e s t s as measures of 
motor a b i l i t y " . 
Wallace and Biddle accept the findings of Larson concerning 
dynamic s t r e n g t h and apparently b e l i e v e i n the now l a r g e l y d i s -
-carded theory t h a t motor a b i l i t y may be measured as a s i n g l e 
s t r e n g t h index. 
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I t would appear t h a t American r e s e a r c h e r s under the i n f l u -
e n c e of the l a t e P r e s i d e n t Kennedy have i n the 1960's s h i f t e d 
t h e i r emphasis on t e s t i n g to the area of p h y s i c a l f i t n e s s r a t h e r 
than motor a b i l i t y . A c t u a l l y motor f i t n e s s i s a l i m i t e d phase 
of general motor a b i l i t y with, according to H a r r i s o n C l a r k e , 
"emphasis pl a c e d on the u n d e r l y i n g elements of vigorous p h y s i c a l 
a c t i v i t y " . On the other hand, r e s e a r c h e r s i n B r i t a i n have appar-
e n t l y reached the stage of attempting to measure both without 
having as yet r a t i f i e d the norms of American o r i g i n a t e d t e s t s 
u s i n g B r i t i s h samples, or to provide B r i t i s h t e s t s which have 
been s t a t i s t i c a l l y r a t i f i e d . Reid (4) i n an a r t i c l e on p h y s i c a l 
f i t n e s s i n boys 1 schools i n B r i t a i n , p ublished i n 1962, adequately 
summed up the present p o s i t i o n when he s t a t e d : -
"Though the m a j o r i t y of te a c h e r s mentioned p h y s i c a l f i t n e s s 
as an aim, they are not c e r t a i n of whether they achieve i t 
or of how to measure i t " . 
C H A P T E R V I 
THE DESIGN OF THE EXPERIMENT 
PHASE ONE 
70. 
(a ) P r e l i m i n a r y Considerations 
Prom a c l o s e study of the past r e s e a r c h which was quoted at 
l e n g t h i n Chapters I I I , IV, and V the author formed the opinion 
t h a t $o e x h a u s t i v e l y measure every f a c t o r which has been thought 
by previous r e s e a r c h e r s to c o n t r i b u t e towards making up the 
whole p i c t u r e of g e n e r a l gross motor a b i l i t y , would be a somewhat 
unrewarding and complicated t a s k . The approach has t h e r e f o r e 
been to examine the p r e v i o u s l y reported f a c t o r s which r e s e a r c h e r s 
of the 1930's and 1940's unearthed during the p e r i o d when s t a t i s -
- t i c a l a n a l y s i s was i n vogue i n measuring motor a b i l i t y and to 
then decide which of these f a c t o r s are r e l e v a n t to the present 
study. Taking the experiments of f i v e major r e s e a r c h e r s i n the 
f i e l d , Larson (45 and 6 1 ) , Hutto ( 6 0 ) , R a r i c k ( 5 7 ) , McCloy (38) 
and Cope ( 7 4 ) , twenty one major f a c t o r s emerge, although some of 
these appear to be due to c a l l i n g the same th i n g by d i f f e r e n t 
names. Clarke (18) l i s t s nine f a c t o r s of g e n e r a l motor a b i l i t y 
i n t o which the seventeen of the twenty one p r e v i o u s l y mentioned 
could be grouped i n the f o l l o w i n g manner:-
F a c t o r s of Gross Motor A b i l i t y 
The Nine F a c t o r s of H a r r i s o n The Seventeen F a c t o r s of the 
Clarke f i v e r e s e a r c h e r s 
1. Arm-eye c o - o r d i n a t i o n 
2. Foot-eye c o - o r d i n a t i o n 
1. Arm Control 
2. Body Co-ordination 
3. Sensory-Motor c o - o r d i n a t i o n 
4. Accuracy 
5. Control of v o l u n t a r y movement 
3. Muscular Power 6. Power 
4. A g i l i t y 7. Rhythm 8. A g i l i t y 
9. F l e x i b i l i t y 
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5. Muscular Strength 10. Dynamic Strength 
11. Dynamometrical Strength 
6. Muscular Endurance 
7. Circulo-Endurance 
12. Muscular Endurance 
13. Dynamic Energy 
8. Speed 14. Speed of muscular c o n t r a c t i o n 
15. V e l o c i t y 
9. B ody Balance 16. S e m i - c i r c u l a r - Canal Balance 
17. Balance 
I t w i l l he noted t h a t t h i s t a b l e l e a v e s out four of the twenty 
one major f a c t o r s noted by past r e s e a r c h e r s . The f i r s t two l e f t 
out are the f a c t o r s of weight and dead weight, which the author 
b e l i e v e s do not need to be s p e c i f i c a l l y measured owing to t h e i r 
e f f e c t on the performance of any t e s t s of a g i l i t y , s t r e n g t h , 
speed and muscular endurance. The second two, those of speed 
of motor l e a r n i n g and i n s i g h t i n t o the nature of the s k i l l , are 
however of the utmost importance i n the present study as they 
are the only two f a c t o r s which, i t seemed l i k e l y , would be 
p r e d i c t i v e i n e f f e c t . These two f a c t o r s r e p r e s e n t what the 
author c a l l s the f a c t o r of motor e d u c a b i l i t y , which he b e l i e v e s 
must be in c l u d e d i n a l l b a t t e r i e s purporting to measure gross 
motor a b i l i t y . 
There seems to be general agreement among American r e s e a r c h -
e r s t h a t there i s no "g" or g e n e r a l f a c t o r i n motor a b i l i t y , 
X Glover (5) s t u d i e d three d i f f e r e n t methods of a s s e s s i n g body 
s i z e and i t s e f f e c t on motor a b i l i t y : - ( a ) The C l a s s i f i c a t i o n 
Index, (b) The Wetzel Grid, ( c ) Somatotype grading, before 
concluding t h a t . " t h e evidence i n d i c a t e d t h a t measures of body 
s i z e c o n t r i b u t e v e r y l i t t l e of value to the b a t t e r y " . 
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- "but a p a t t e r n where the o v e r a l l a b i l i t y i s composed of separate 
and sometimes overlapping group f a c t o r s , on s i m i l a r l i n e s to 
the Thurstone m u l t i p l e f a c t o r p a t t e r n . The f i r s t q u estion to 
which an answer was sought was to f i n d the r e l a t i v e importance 
of the g e n e r a l l y accepted major f a c t o r s of motor a b i l i t y i n 
the f i e l d of p h y s i c a l education which concerns the present study. 
This i s a somewhat s i m i l a r process to examining c u r r i c u l a r 
v a l i d i t y of the items i n an academic attainment t e s t . The 
method used was to make a c a r e f u l study of:-
( a ) E i g h t standard t e x t books which c o n t a i n l a r g e numbers of 
indoor p h y s i c a l education s k i l l s and a c t i v i t i e s ( l i s t e d under 
numbers 75 to 82 i n c l u s i v e i n the B i b l i o g r a p h y ) . 
(b) S i x schemes of work, k i n d l y loaned to the author by 
colleagues i n both boys' and g i r l s ' secondary schools ( l i s t e d 
under Number 8 3 ) . 
The a c t i v i t i e s and s k i l l s intended f o r use and development 
i n gymnasia were noted and a l i s t of some 473 Items made out 
i n c l u d i n g a l l the orthodox v a u l t i n g and a g i l i t y s k i l l s and 
l e a d i n g up p r a c t i c e s , partner a c t i v i t i e s , strengthening and 
m o b i l i z i n g a c t i v i t i e s , f u n c t i o n a l movements, minor games and 
dance s k i l l s . The g i r l s ' a c t i v i t i e s presented a r a t h e r more 
complex problem t h a t those of the boys, as some g i r l s schools 
concentrate on forms of dance r a t h e r than a c l e a r l y e s t a b l i s h e d 
p a t t e r n of what may be c a l l e d more orthodox gymnastics. T h i s 
suggested t h a t e i t h e r m o d i f i c a t i o n s or d i f f e r e n t types of t e s t 
might be appropriate to the g i r l s ' b a t t e r y . I n f a c t , only 
s- ' s l i g h t m o d i f i c a t i o n s were f i n a l l y found to be n e c e s s a r y . During 
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the p r e l i m i n a r y attempt to place the 473 items i n t o t e n f a c t o r 
c a t e g o r i e s (the nine of H a r r i s o n Clarke i n the t a b l e of F a c t o r s 
of Gross Motor A b i l i t y plus the a d d i t i o n a l f a c t o r of motor 
e d u c a b i l i t y ) i t was r e a l i z e d t h a t : -
(1) The v a s t m a j o r i t y of s t r e n g t h a c t i v i t i e s were of the dynamic 
type r a t h e r than s t a t i c dynamometric. T h i s seems to be one main 
reason why L a r s e n found dynamic s t r e n g t h to be three times more 
u s e f u l than dynamometrical s t r e n g t h i n i n d i c a t i n g motor a b i l i t y . 
(2) A s t r i c t d e f i n i t i o n of muscular s t r e n g t h would be maximum 
s t r e n g t h a p p l i e d i n a s i n g l e muscular c o n t r a c t i o n , (e.g. g r i p 
s t r e n g t h a p p l i e d to a manuometer). However most of the a c t i v i t -
- i e s s t u d i e d which might be thought to i n v o l v e muscular s t r e n g t h 
were more i n the nature of muscular endurance t e s t s , t h a t i s 
they involved the a b i l i t y to continue sub-maximal muscular 
e x e r t i o n s . Examples of t h i s i n c l u d e rope climbing and many 
arm heaves on the beams. 
(3) The f a c t o r s of foot-eye c o - o r d i n a t i o n and hand-eye co-
- o r d i n a t i o n are taken by the author to r e f e r to s k i l l s r e q u i r i n g 
the c o - o r d i n a t i o n of hand and eye, such as the c r i c k e t s k i l l s , 
b a t t i n g , bowling and c a t c h i n g , and of foot and eye, e.g. soccer 
s k i l l s , i n f a c t to any s k i l l i n v o l v i n g a b a l l or other p r o j e c t i l e . 
These f a c t o r s are not of v i t a l importance to the present f i e l d 
of study, although they would be v i t a l l y important i n the 
measurement of sports a b i l i t y . The f a c t o r s have t h e r e f o r e been 
grouped w i t h a g i l i t y , which by d e f i n i t i o n i s the f a c i l i t y to 
move the e n t i r e body i n d i f f e r e n t d i r e c t i o n s , sometimes i n 
response to unexpected circumstances, sometimes according to a 
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.pre-thought out and p r a c t i s e d plan, and balance which i s the 
ease w i t h which an i n d i v i d u a l maintains body p o s i t i o n , (e.g. 
i n hand b a l a n c e ) . As a l l the aforementioned f a c t o r s are i n t e g r a l 
p a r t s of what we c a l l neuromuscular c o - o r d i n a t i o n the combined 
f a c t o r w i l l now be termed simply c o - o r d i n a t i o n f o r the purposes 
of the present study. 
(4) There seemed to be a f a i r l y l a r g e group of complex v a u l t i n g 
and a g i l i t y s k i l l s where the main f a c t o r i n s u c c e s s ' c o u l d be 
i n s i g h t i n t o the nature of the s k i l l or speed of motor l e a r n i n g . 
Indeed even i n many a c t i v i t i e s where speed of l e a r n i n g i s not 
the dominant f a c t o r i t would appear to be g e n e r a l l y important 
i n gymnastics. The 473 items were then p h y s i o l o g i c a l l y 
analysed and p l a c e d i n one of the s i x remaining c a t e g o r i e s 
according to t h e i r main c h a r a c t e r i s t i c s . Where there was any 
doubt i n t o which category the item should be p l a c e d the author 
x 
sought the he l p of an experienced p h y s i o l o g i s t . I t i s 
perhaps here n e c e s s a r y to r e - s t a t e t h a t i t was not the purpose 
of the study to e x h a u s t i v e l y measure one f a c t o r but to measure 
e f f e c t i v e l y the group of f a c t o r s making up the p r e s c r i b e d f i e l d 
of p h y s i c a l a c t i v i t y . Under the s t r i c t d e f i n i t i o n of muscular 
s t r e n g t h given on pages 75 and 76, many items c l a s s i f i e d i n 
the f o l l o w i n g t a b l e under t h i s heading could e q u a l l y w e l l be 
placed i n category 4 (muscular endurance). 
X Mr. G. Wright, Senior P h y s i o t h e r a p i s t , Middlesbrough 
General H o s p i t a l . 
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5 U n c l a s s i f i e d 
T o t a l 473 100 
From the p h y s i o l o g i c a l a n a l y s i s , from past r e s e a r c h on 
gross motor a b i l i t y t e s t i n g and study of the f a c t o r a n a l y s e s 
made s i n c e the 1930's i n America, the author concluded t h a t 
motor a b i l i t y i n the chosen f i e l d would b e s t be measured by 
t e s t s of the f o l l o w i n g f a c t o r s : -
1. Co-ordination, sometimes c a l l e d gross b o d i l y c o - o r d i n a t i o n 
or neuro muscular c o - o r d i n a t i o n or l a r g e muscle c o - o r d i n a t i o n . 
T h i s may be de f i n e d as the a b i l i t y to change body p o s i t i o n or 
d i r e c t i o n of movement under c o n t r o l and i n v o l v e s balance and 
a g i l i t y to a l a r g e degree. 
2. Power, sometimes c a l l e d muscular power or motor e x p l o s i v e -
-ness, which i s the a b i l i t y to r e l e a s e maximum muscular f o r c e 
i n the s h o r t e s t period of time. I t i s reasonable to argue t h a t 
i n a human being the mechanical d e f i n i t i o n of power as f o r c e 
times v e l o c i t y can be regarded as muscular s t r e n g t h times speed 
of movement. Th i s f a c t o r , t h e r e f o r e , overlaps the f a c t o r s of 
s t r e n g t h and speed, being i n f a c t a new f a c t o r c r e a t e d by com-
-bi n i n g the two. 
3« Muscular Strength, previous r e s e a r c h e r s are unanimously 
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agreed t h a t muscular s t r e n g t h , p a r t i c u l a r l y of the l a r g e muscle 
groups of the shoulders and arms, trunk and l e g s , i s an import-
-ant f a c t o r of gross motor a b i l i t y . A c a r e f u l d e f i n i t i o n of t h i s 
f a c t o r would in v o l v e the measurement of maximum s t r e n g t h a p p l i e d 
i n a s i n g l e muscular c o n t r a c t i o n , t h i s would be f a i r l y simple 
i f s t a t i c dynamometrical s t r e n g t h were the d e s i r e d f a c t o r and 
the a b i l i t y to squeeze, push, p u l l or l i f t could be r e g i s t e r e d 
by dynamometer. Larson's work p r e v i o u s l y quoted i n Chapter I I I 
e s t a b l i s h e d t h a t dynamic s t r e n g t h t e s t s , t h a t i s "strength 
determined by the a b i l i t y to l i f t the body weight and propel i t 
upwards" i s three times more s i g n i f i c a n t i n producing a c r i t e r i o n 
of motor a b i l i t y , and t h e r e f o r e the s t r e n g t h t e s t s should be 
dynamic i n c h a r a c t e r and p o s s i b l y l i n k e d w i t h the t e s t s of 
muscular endurance. 
4. Muscular Endurance, defined as the a b i l i t y to c a r r y out 
muscular c o n t r a c t i o n s of l e s s than maximum operating s t r e n g t h 
over a period of time. 
Taking pr e s s ups as a t e s t example, two boys may execute 
the movement, both apparently working to maximum c a p a c i t y , but 
one w i l l be able to repeat the movement s e v e r a l times w h i l e the 
other f i n d s t h i s i m p o s s i b l e . I t i s reasonable to assume t h a t 
the boy who can repeat the movement i s e i t h e r stronger i n the arm 
and shoulder muscle groups or has g r e a t e r muscular endurance. 
5. Speed, the r a p i d i t y w i t h which s u c c e s s i v e movements of the 
same kind can be performed. 
6. Motor E d u c a b l l i t y , which has been p r e v i o u s l y defined and 
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which i n v o l v e s ready understanding by the performer of the 
nature of the s k i l l to be le a r n e d and the speed a t which 
gener a l motor l e a r n i n g of p h y s i c a l s k i l l s i s achieved. 
Some f u r t h e r p o i n t s of i n t e r e s t which emerged from the 
p h y s i o l o g i c a l a n a l y s i s and which were of value i n the f u r t h e r 
planning of the study were:-
(1) There i s no doubt t h a t i n c o n s i d e r i n g some of the more 
advanced gymnastic a c t i v i t i e s i t becomes d i f f i c u l t to p l a c e 
such an a c t i v i t y i n one p a r t i c u l a r category when i t s e f f e c t i v e 
execution i s a G e s t a l t and depends so obviously on a complexity 
of f a c t o r s . To give a r e a d i l y understood example of t h i s , a 
boy performing a hand balance may be s a i d to be supporting h i s 
body weight by use of the l a r g e muscles of h i s arms and shoulders, 
however the dominant f a c t o r i n t h i s p a r t i c u l a r a c t i v i t y was 
f e l t to be balance, which w i t h i n the present d e f i n i t i o n comes 
i n the general category of c o - o r d i n a t i o n . 
(2) The f a c t o r s of s t r e n g t h , speed, power and muscular endur-
-ance overlap c o n s i d e r a b l y and the p o s s i b i l i t y of u s i n g t e s t s 
i n v o l v i n g two or more of these f a c t o r s became apparent. 
(3) The f a c t o r s of l e a r n i n g and c o - o r d i n a t i o n appear to over-
lap i n the same way. I n f a c t McGloy (8) i n c l u d e s balance and 
sensory-motor c o - o r d i n a t i o n i n h i s l i s t of f a c t o r s of motor 
e d u c a b i l i t y . As these two f a c t o r s account i n the t a b l e of 
x 
a c t i v i t i e s f o r 37$ of the whole, then obviously the measurement 
of them must be a most important p a r t of the present study. 
X See Table on Page 75. 
This was one of the main l e a d s which r e s u l t e d i n the f i n a l 
acceptance of the Iowa Brace t e s t b a t t e r y f o r the purpose of 
measuring both c o - o r d i n a t i o n and motor e d u c a b i l i t y . McCloy and 
Johnson agree t h a t the t e s t contains a strong element of gross 
motor l e a r n i n g and the present author w i l l show l a t e r i n the 
Chapter i t s dependence on the elements of c o - o r d i n a t i o n . 
(4) Larson's (61) p r e v i o u s l y quoted f i n d i n g concerning the 
s i g n i f i c a n c e of dynamic s t r e n g t h i n measuring motor a b i l i t y was 
born out by the break down of arm s t r e n g t h items. Out of one 
hundred and f i v e items i n the whole category, t h i r t y four were 
concerned p r i m a r i l y w i t h arm s t r e n g t h and of these only e i g h t 
could be c l a s s e d as dynamometrical. 
(5) I n making h i s a n a l y s i s , Glover (5) noted t h a t about one 
s i x t h of the a c t i v i t i e s he s t u d i e d "seemed to r e l y more on speed 
and p r e c i s i o n of movement" than any other f a c t o r . I n performing 
these a c t i v i t i e s the muscles d i d not have to work a g a i n s t h i g h 
r e s i s t a n c e , i n s t e a d they c a l l e d f o r "neuro-muscular c o - o r d i n a t i o n 
and speed i n the l e g s and f e e t " . The author noted t h a t some of 
the items p a r t i c u l a r l y i n complex r e l a y s which were, a f t e r 
c o n s i d e r a t i o n , p l a c e d i n the speed category, might w e l l , under 
other s u b j e c t i v e judgment, have been pl a c e d i n the c o - o r d i n a t i o n 
category. Some of the Iowa Brace items l a t e r appeared to be of 
t h i s type which probably e x p l a i n s P h i l l i p s ' (47) reported 
c o r r e l a t i o n between the Iowa Brace t e s t and her speed f a c t o r of 
0.5287, backed up by Wendler (22) who reported the even h i g h e r 
c o r r e l a t i o n of 0.676 between the t e s t and h i s v e l o c i t y f a c t o r . 
s ( 6 ) The a p p r a i s a l of past r e s e a r c h showed that even i f an 
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American t e s t was accepted i n i t s e n t i r e t y there would be the 
need to a t l e a s t 'check i t s v a l i d a t i o n and e s t a b l i s h a s c o r i n g 
system from r e s u l t s obtained from a B r i t i s h sample. 
(7) The author f u l l y r e a l i z e s the s c i e n t i f i c l i m i t a t i o n s of 
t h i s p r e l i m i n a r y work, but has included i t to show h i s trend of 
thought, a t the time, and to point to the reasons f o r a c t i o n s 
which may otherwise have appeared incomprehensible. 
(b) Iowa Brace or Johnson f o r the Measurement 
of Motor E d u c a b i l i t y ? 
A f u l l account of the r e s e a r c h i n t o motor e d u c a b i l i t y t e s t -
- i n g was given i n Chapter IV. A f t e r c o n s i d e r i n g t h i s r e s e a r c h 
the author t r i e d out both t e s t s i n four d i f f e r e n t s c h o o l s , one 
secondary grammar, two secondary modern, and one school f o r 
e d u c a t i o n a l l y sub-normal c h i l d r e n , u s i n g c l a s s e s of about twenty 
to t h i r t y boys or g i r l s . The main reason f o r doing t h i s was to 
examine the a d m i n i s t r a t i v e problems involve d i n the two t e s t s , 
to t r y to i r o n out any snags which may appear and to make a 
d e c i s i o n on which to use i n the present study. 
I n three of the schools, the grammar and the two modern 
scho o l s , the Iowa Brace t e s t s were found to be easy to a d m i n i s t e r 
i n the way McCloy l a i d down. The c l a s s formed up i n t o two 
l i n e s of p u p i l s f a c i n g each other about e i g h t f e e t a p a r t . A f t e r 
a demonstration u s i n g standard i n s t r u c t i o n s the p u p i l s of one 
l i n e performed the f i r s t f i v e s u b - t e s t s scored by the other 
l i n e . The p o s i t i o n s were then r e v e r s e d and the second l i n e 
performed a l l ten s u b - t e s t s . The f i r s t l i n e then completed the 
b a t t e r y by attempting the second f i v e s u b - t e s t s . 
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Regarding the demonstration the author found some d i f f i c u l t y 
a t f i r s t w i t h the f o l l o w i n g three t e s t s : -
(1) Top T e s t , which needs a v e r y quick movement and r e a l under-
s t a n d i n g of the t e s t ' s requirements f o r s u c c e s s f u l 
execution. 
(2) S i n g l e Squat-balance t e s t , which the author found t o be a 
v e r y d i f f i c u l t balance p o s i t i o n . 
(3-) Russian-dance step t e s t , which r e q u i r e s f i n e l y judged 
co-ordinated movements, and gre a t s t r e n g t h of the 
quadriceps. 
Noting the high p r a c t i c e e f f e c t s recorded by previous 
r e s e a r c h e r s the author p e r s i s t e d w i t h h i s p r a c t i c e a t the t e s t s 
and was soon able to perform them a l l . The author's experience 
i n demonstrating the t e s t s tended to confirm previous r e s e a r c h 
t h a t attempts to measure the r e l i a b i l i t y of the t e s t by t e s t 
r e t e s t methods would not be s u c c e s s f u l , and t h a t McCloy's use 
of the s p l i t - h a l f method was j u s t i f i a b l e . I t was a l s o obvious 
t h a t i t was e s s e n t i a l f o r any demonstrator to p r a c t i s e the sub-
t e s t s before g i v i n g h i s demonstration. Groups of twenty p u p i l s 
were e a s i l y t e s t e d i n a t h i r t y f i v e minute p e r i o d , and where 
the author had the a s s i s t a n c e of another s u p e r v i s o r to occasion-
- a l l y guide and overlook the s c o r e r s , double the number could 
be t e s t e d . The r e a c t i o n of the c h i l d r e n to the t e s t s was found 
to be e n t h u s i a s t i c and the author was subsequently c o n t i n u a l l y 
being asked to v e r i f y t h a t p u p i l s could now perform t e s t s on 
which they had f a i l e d i n the t e s t s i t u a t i o n . 
I n the v a s t m a j o r i t y of cases a f t e r a proper e x p l a n a t i o n 
and demonstration had been given the p u p i l s were f u l l y capable 
of s c o r i n g f a i r l y and a c c u r a t e l y , p a r t i c u l a r l y i n the secondary 
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grammar school and i n the more aca d e m i c a l l y g i f t e d streams of 
the secondary modern s c h o o l s . I n two of the secondary modern 
c l a s s e s and c e r t a i n l y i n a l l the e d u c a t i o n a l l y sub-normal 
c l a s s e s the p u p i l s had some d i f f i c u l t y i n understanding the 
i n s t r u c t i o n s . I n these c l a s s e s i t was found to he e s s e n t i a l to 
t e s t s m a l l e r numbers and to read the i n s t r u c t i o n s s l o w l y and 
c a r e f u l l y . I n the e d u c a t i o n a l l y sub-normal c l a s s e s no more 
than s i x p u p i l s a t a time could be f a i r l y t e s t e d and i n s e v e r a l 
c l a s s e s i n d i v i d u a l t e s t s were given. 
The ten items of the f u l l Johnson t e s t were t r i e d out 
u s i n g Johnson's o r i g i n a l mat diagram. The diagram, painted on 
a sheet of canvas e i g h t f e e t wide and twenty f e e t long i s a 
complicated a f f a i r , and needs to be p u l l e d t a u t under an 
a g i l i t y m attress or pegged out over g r a s s to be r e a l l y e f f e c t i v e . 
The t e s t s and s c o r i n g proved to be e q u a l l y lengthy e s p e c i a l l y 
as only one p u p i l a t a time could be t e s t e d . Therefore a f t e r 
a few attempts the Metheny-Johnson r e v i s i o n of the t e s t was 
p r e f e r r e d . 
Metheny ( 2 3 ) , as p r e v i o u s l y reported i n Chapter IV, found 
a very h i g h c o r r e l a t i o n of 0.977 between four of the Johnson 
s u b - t e s t s (5,7,8 and 10) and the f u l l t e s t f o r boys and a h i g h 
c o r r e l a t i o n of 0.868 between three of the sub t e s t s (5,7 and 8) 
and the f u l l t e s t f o r g i r l s . At the same time she much 
s i m p l i f i e d the mat. 
X For f u l l i n s t r u c t i o n s see "Tests and Measurements i n H e a l t h 
and P h y s i c a l Education", McCloy & Young, Pages 95,96. 
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T r y i n g out the four items of the Metheny-Johnson r e v i s i o n 
w i t h boys and. the three items w i t h g i r l s the author found no 
d i f f i c u l t y i n demonstrating the f i r s t two items (the f r o n t and 
back r o l l s ) and f o r these the method of s c o r i n g was c l e a r 
although i t needed some experience before accurate judgment of 
performance could be a t t a i n e d . I t was found to be e s s e n t i a l 
f o r the author or the teacher i n charge of the c l a s s to do the 
s c o r i n g . The second two items, the jumping h a l f t u r n and the 
jumping f u l l t u r n , were much more d i f f i c u l t . Glover (5) who 
used these t e s t s found them much too d i f f i c u l t f o r h i s sample 
to perform w e l l , e s p e c i a l l y the f u l l t u r n jump. Glover i n h i s 
t e s t b a t t e r y found i t n e c e s s a r y to modify the i n s t r u c t i o n s so 
o 
t h a t both the h a l f - t u r n and the f u l l t u r n became turns of 180 
when Johnson c l e a r l y intended the f u l l t u r n to be of 360°. The 
author's sample found the f u l l t u r n jump ve r y d i f f i c u l t indeed, 
no-^one s c o r i n g a maximum of ten marks and over e i g h t y per cent 
s c o r i n g below three marks. As one mat was used i t was only 
p o s s i b l e to score one p u p i l a t a time and t h i s decided the 
author to t r y the f u l l t e s t as a group a c t i v i t y i n a normal 
l e s s o n , although t h i s removed the o r i g i n a l objection, the t e s t e r ' s 
a t t e n t i o n was f u l l y taken up w i t h the t e s t performance at the 
expense of n e g l e c t i n g the r e s t of the c l a s s . I t was a l s o 
n e c e s s a r y to e x p l a i n and demonstrate each.sub t e s t to each group 
on a r r i v a l a t the t e s t i n g p o i n t . 
Prom the point of view of a d m i n i s t r a t i o n the Iowa-Brace 
t e s t s seemed to the author to be p r e f e r a b l e f o r the purpose of 
the present study because:-
83. 
(1) The whole c l a s s was involved e i t h e r i n marking or performing 
during the whole t e s t . 
(2) Wo apparatus, other than score sheets and p e n c i l , was 
re q u i r e d . 
(3) The s c o r i n g system was d e f i n i t e l y e a s i e r . 
(4) The time taken to perform the f u l l t e s t was l e s s i n every 
case except those of the e d u c a t i o n a l l y sub-normal c l a s s e s . 
Examining the t e s t m a t e r i a l i t s e l f , i n the Iowa Brace t e s t 
seven of the t e n items are common to both boys and g i r l s . Of 
these none are movements which normally enter i n t o the p h y s i c a l 
education s y l l a b u s . Of the s i x others concerned the th r e e - d i p 
t e s t c o n s i s t s of what we know as "press-ups" but t h i s i s here 
performed w i t h emphasis on the s t y l e of the performance r a t h e r 
than on muscular endurance. The forward-hand-kick t e s t i s some-
-times used as a warming up e x e r c i s e i n both gymnastics and 
a t h l e t i c s , but none of the others are normally performed. The 
f i r s t two items of the Metheny-Johnson t e s t , the forward and 
backward r o l l , are open to the o b j e c t i o n t h a t forward and backward 
r o l l i n g are common j u n i o r school a c t i v i t i e s and one must be t e s t -
- i n g i n some measure the e f f e c t of previous p r a c t i c e . These two 
t e s t s form h a l f of the t e s t b a t t e r y and i t was most n o t i c a b l e 
t h a t i n one secondary modern scho o l , where the inta k e was almost 
e n t i r e l y from a neighbouring j u n i o r school where: no indoor 
p h y s i c a l education f a c i l i t i e s e x i s t , the r e s u l t s i n these t e s t s 
were s i g n i f i c a n t l y lower than i n other s c h o o l s . A f u r t h e r 
o b j e c t i o n to the r o l l i n g items i s th a t boys and g i r l s of elev e n 
years of age and normal height have no d i f f i c u l t y i n performing 
the forward and backward r o l l i n a d i s t a n c e of 7'6", indeed i t 
would r e q u i r e a long d i v e forward f o r them to exceed the t a r g e t 
l i n e . T h i s was f i r s t noted by Glover (5) and confirmed by the 
author's experience. 
Neither of the t e s t s would appear from past r e s e a r c h to 
y i e l d h igh c o e f f i c i e n t s of r e l i a b i l i t y from the t e s t - r e t e s t 
method, t h i s i s due to the high p r a c t i c e e f f e c t of both t e s t s . 
Glover found h i s h i g h e s t r e l i a b i l i t y c o - e f f i c i e n t i n the Metheny 
Back R o l l , which y i e l d e d r = 0.825, but the Front R o l l t e s t was 
only r - 0.492. Johnson h i m s e l f u s i n g a sample of c o l l e g e men 
w i t h h i s f u l l ten items found a r e l i a b i l i t y c o e f f i c i e n t f o r the 
whole t e s t of 0.97, but s e v e r a l other experiments, p a r t i c u l a r l y 
those w i t h h i g h school g i r l s of the same age range as the 
present study, have found r e l i a b i l i t y c o e f f i c i e n t s i n the order 
of 0.62. The t e s t - r e t e s t method has not g e n e r a l l y been used 
w i t h the Iowa Brace items and the t e n t e s t s which concern the 
present study have been s p l i t i n t o two h a l v e s f o r the purpose 
of r e l i a b i l i t y r a t i n g s . McCloy (8) i n one study reported a 
r e l i a b i l i t y c o e f f i c i e n t f o r the Iowa Brace t e s t of 0.885 and i n 
another along w i t h Anderson ( 4 3 ) , u s i n g the s p l i t h a l f method, 
of 0.95; but other r e s e a r c h e r s reported i n Chapter IV of the 
present study have again shown much lower r e l i a b i l i t y co-
e f f i c i e n t s . 
On the v i t a l matter of v a l i d i t y i t w i l l be seen from 
previous r e s e a r c h t h a t r e s u l t s have again v a r i e d c o n s i d e r a b l y . 
I t i s p a t e n t l y obvious from s e v e r a l r e s e a r c h e s , notably those 
of H a t l e s t a d (46) and Gire and Espenschade ( 4 2 ) , t h a t the two 
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t e s t s do not measure quite the same th i n g , and many r e s e a r c h e r s 
vary i n t h e i r c o n c l u s i o n s , mainly because of the type of s k i l l 
being measured. I f one accepts the r e s u l t s of Koob ( 5 0 ) , who 
reported a v a l i d i t y c o e f f i c i e n t of 0.9687 between the Johnson 
t e s t and the time taken f o r a sample of boys to l e a r n t e n 
tumbling s t u n t s then the Johnson t e s t i n n e a r l y a p e r f e c t 
instrument, but Johnson h i m s e l f (40) reported a v a l i d i t y co-
e f f i c i e n t of 0.69 and L a r s o n (45) of 0.6475, which seem to be 
more i n keeping w i t h other reported r e s e a r c h e s .'. American 
r e s e a r c h e r s have again shown v a r i e d r e s u l t s concerning the 
v a l i d i t y of the Iowa Brace t e s t s , most of the t e s t r e s u l t s 
r e c o r d i n g c o - e f f i c i e n t s of v a l i d i t y i n the order of 0.65. Some 
r e s e a r c h e r s found higher c o e f f i c i e n t s , n o t a b l y Anderson and 
McCloy (43) w i t h a reported v a l i d i t y c o e f f i c i e n t of 0.706, who 
suggest t h a t some of the lower c o r r e l a t i o n s have been obtained 
because r e s e a r c h e r s have t r i e d to c o r r e l a t e the t e s t s w i t h 
t e s t s of g e n e r a l motor e d u c a b i l i t y made up of a r t i f i c i a l a c t i v -
i t i e s , n e g l e c t i n g such v a r i a b l e s as the background of perform-
- - e r s , methods of teaching and motivation. 
The author of the present study would suggest from his. 
study of previous r e l e v a n t r e s e a r c h t h a t : -
(a) Both t e s t s are s u i t a b l e f o r obtaining r e s u l t s which would 
a s s i s t the p h y s i c a l e d u c a t i o n i s t to form homogeneous groupings 
f o r gymnastic or sports a c t i v i t i e s , but, i f one ignores the out-
- s t a n d i n g l y high v a l i d i t y c o e f f i c i e n t reported by Koob, n e i t h e r 
i s alone s u i t a b l e f o r the accurate p l a c i n g of large, randomly 
« 
s e l e c t e d groups of pupils, i n the age range concerned w i t h the 
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-present study, I n t o rank order of a b i l i t y , 
(b) There i s apparently no general motor e d u c a b i l i t y , but 
r a t h e r groups of motor e d u c a b i l i t y f a c t o r s which overlap and may 
need d i f f e r e n t measures I n the v a r i o u s areas of p h y s i c a l s k i l l s 
such as games and s p o r t s , gymnastics and a t h l e t i c s . 
T e s t r e s u l t s are a l s o shown to v a r y according to the age 
range and sex of the sample. I t f o l l o w s from these c o n c l u s i o n s 
t h a t e i t h e r s p e c i f i c uses f o r the t e s t s must be found or t h a t 
other t e s t s need to be formulated f o r s p e c i f i c purposes. 
The Iowa Brace t e s t s were f i n a l l y chosen f o r the present 
study not because the author f e l t t h a t they were g e n e r a l l y 
s u p e r i o r to the Metheny R e v i s i o n of the Johnson t e s t on the 
two v i t a l matters of v a l i d i t y and r e l i a b i l i t y , but because they 
seemed b e t t e r s u i t e d f o r the intended purpose of I n c l u s i o n of 
some or a l l the items i n a b a t t e r y of t e s t s to measure the 
motor e d u c a b i l i t y f a c t o r of gross motor a b i l i t y a t the s t a t e d 
age range and i n the p r e s c r i b e d a r e a of a b i l i t y . 
( c ) A P h y s i o l o g i c a l A n a l y s i s of the Iowa 
Brace Test Items. 
A c a r e f u l p h y s i o l o g i c a l a n a l y s i s of the t h i r t e e n sub t e s t s 
which make up the Iowa R e v i s i o n of the Brace t e s t f o r Junior 
High School boys and g i r l s was then made. 
I n the American e d u c a t i o n a l system there are s e v e r a l 
groupings of schools, the e a s i e s t way of showing these i s by 
the f o l l o w i n g t a b l e : 
i i 
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THE AMEUCfcN EDUCATIONM SYSTEM 
The Junior High School takes i n i t s i n t a k e a t twelve p l u s , which 
i s , of course, one year a f t e r our own. Nevertheless i t was f e l t 
t h a t the Junior High T e s t would "be more appropriate to the 
B r i t i s h eleven p l u s sample than the Elementary School T e s t , 
p a r t i c u l a r l y as a l l the items which p r i m a r i l y demanded s t r e n g t h 
had been taken out of the o r i g i n a l Brace t e s t by McCloy i n 
making h i s r e v i s i o n , and i n view of the present d e l i b e r a t i o n s of 
the Plowden Committee on t r a n s f e r to Secondary Education a t twelve 
p l u s . 
The t e s t items have been grouped i n t o three p a r t s , 
(A) those which are common to both boys and g i r l s t e s t b a t t e r i e s . 
(B) those which are i n the boys t e s t b a t t e r y only 
(C) those which are i n the g i r l s t e s t b a t t e r y only. 
The numbers i n br a c k e t s r e p r e s e n t the o r i g i n a l Brace item numbers. 
\ 1 I 
= 1 
P I S E • Tcqr-ToucH • neap T E S T 
A. Items common to both boys and g i r l s t e s t s . 
88. 
No. 1. (13) 
One-fpotr-touch-head t e s t . 
Stand on l e f t f o o t . Bend trunk forward, and p l a c e 
both hands on the f l o o r . Raise r i g h t l e g , and 
extend i t backward. Touch head to the f l o o r , and 
r e t u r n to the standing p o s i t i o n without l o s i n g the 
v balance. 
F a i l u r e : ( a ) not to touch head to the f l o o r ; (b) to 
l o s e the balance. 
P a r t i c u l a r s t r e n g t h I s n e c e s s a r y i n the shoulder 
j o i n t and the shoulder g i r d l e , e s p e c i a l l y the pro-
t r a c t o r s working e c c e n t r i c a l l y , t h i s i s because 
most of the body weight i s brought forward onto the 
shoulders as the movement i s c a r r i e d out. The l e f t 
l e g t akes the weight throughout the movement but 
the main work i s i n the smooth c o - o r d i n a t i o n between 
shoulder and l e g movement to ma i n t a i n balance which 
i s of the " V e r t i c a l s e m i - c i r c u l a r c a n a l " type. 
F a c t o r s i n v o l v e d : (1) Co-ordination 
( 2 ) Balance 
(3) Arm Strength 
t 
! ( 
KNEtL JUMP TO FEET UST 
No. 2. (16) 
Kneel-jump-to-feet t e s t . 
Kneel on "both knees. Rest "back of toes on the 
f l o o r . Swing arms, and jump to the standing 
p o s i t i o n . Do not rock backward on toes, or l o s e 
the balance. 
F a i l u r e : ( a ) to c u r l toes and to rock backward on 
them; (b) not to execute the jump, and not to 
stand s t i l l a f t e r the standing p o s i t i o n has been 
reached. 
The main d i f f i c u l t y i s the awkwardness of 
the movement from the k n e e l i n g p o s i t i o n , because 
of t h i s there i s a n a t u r a l tendency to sway back-
w a r d s . T h i s has to be compensated f o r by an 
e x t r a quick push up movement u s i n g strong con-
t r a c t i o n of the f l e x o r s of the toes, ankles and 
quadriceps, and extension of the h i p . The move-
-ments of the arms apparently do not e i t h e r hinder 
or h e l p the movement except i n r e t a i n i n g the 
balance a f t e r the jump. 
F a c t o r s Involved: (1) Power i n l e g a c t i o n 
(2) A measure of arm c o n t r o l 





No. 3. (21) 
Side-leanlng-rest t e s t . 
S i t on the floor, with lower legs extended, and 
feet together. Put right hand on the floor behind 
"body. Turn to the r i g h t , and take a side leaning-
r e s t position, re s t i n g the body on ri g h t hand and 
right foot. Raise l e f t arm and l e f t leg, and hold 
t h i s position for f i v e counts. 
F a i l u r e : (a) not to take the proper position; (b) not 
to hold the position for f i v e counts. 
I n i t i a l l y an upward push i s necessary to s t a r t 
the movement, therefore the strength of the upward 
rotators of the scapula and elevators of the shoulder 
joint are needed. When the desired position i s 
reached, co-ordination of the.trunk muscles i s 
necessary to maintain i t , e s p e c i a l l y s t a t i c work for 
the ri g h t side f l e x o r s , lumbar dorsal spine, abduction 
muscles of the same hip and l e f t adductor muscles 
of the hip. 
Factors involved: (1) A strong balance exercise 
(2) Co-ordination 
(3) Arm and shoulder strength 
START POSITION 
POSITIONS DOLING MOVEMENT 

No. 4. (26) 
Full-squat-arm-circles t e s t . 
Take a full-squat position, with arms raised 
sideways to the l e v e l of shoulders. Wave arms 
so that each hand makes a c i r c l e of about one 
foot i n diameter, and at the same time j i g g l e 
"body up and down. Continue the performance for 
ten counts. 
F a i l u r e : (a) to move feet; (b) to lose the balance 
(c) to touch the floor with any other part of body 
than feet; (d) not to move hands i n a c i r c l e ; 
(e) not to jiggle up and down. 
The s t a r t i n g position i s quite easy to take 
up, but once the a c t i v i t y s t a r t s the superimposed 
movements of the arms and the body tend to disturb 
the balance, therefore the muscles of the ankle 
and foot have to work strongly i n co-ordination 
to maintain the position. The quadriceps are i n 
continuous dynamic use for the whole ten counts. 
Factors involved; (1) Strength of legs 
(2) Co-ordination 
(3) Balance 
(4) Insight into nature of 
movement. 
(5) Arm Control 
UM-F-TON-JUMP- LEFT-FCDT TEST 
No. 5. (27) 
H alf-turn-jump-left-foot t e s t . 
Stand on l e f t foot, and jumping, make a one-
h a l f turn to the l e f t . Keep the "balance. 
F a i l u r e : (a) to lose the balance; (b) to f a i l 
to complete the h a l f turn; (c) to touch the 
floor with right foot. 
An easy exercise mostly concerned with 
balance. The i n i t i a l thrust i s gained from 
the l e f t trunk rotators breaking concentrically 
to s t a r t the half turn. 





No. 6. (29) 
Russian-dance step t e s t . 
Squat. Raise one leg forward. Perform a Russian-
dance step "by extending legs a l t e r n a t e l y while i n 
a squat position. Perform four such steps, that 
i s , two with each leg. Heel of forward foot may 
touch the f l o o r . Heel of rear foot should s t r i k e 
hip on that side. 
F a i l u r e : (a) to lose the balance; (b) hot to do 
the stunt twice with each leg. 
Very strenuous indeed for the quadriceps. A 
d i f f i c u l t exercise for a c h i l d who i s carrying 
excess weight. The exercise i s mainly one of co-
ordination to keep the balance throughout the 
movement although perfect co-ordination without 
the strength to do the movement i s use l e s s . A 
combination of strength and co-ordination. 
Factors involved: (1) Power i n leg action 
(2) Co-ordination 
(3) Insight into nature of 
movement. 
TOP TEST 
( THE RDU- iMjVa^ge^ ) 
No. 7. (30) 
Top t e s t . 
S i t , with lower legs flexed, on the f l o o r . Put 
arms between legs, and under and behind knees, 
and grasp ankles. R o l l rapidly around to the 
ri g h t , with the weight f i r s t over right knee, 
then over right shoulder, then on back, then on 
l e f t shoulder, and then on l e f t knee. S i t up, 
facing i n the opposite di r e c t i o n from which the 
te s t was started. Repeat the movements from t h i s 
position, and f i n i s h facing i n the same d i r e c t i o n 
from which the t e s t was started. 
F a i l u r e : (a) to release the hold of ankles; (b) 
not to complete the c i r c l e . 
Quite an easy exercise physically, but quite a 
d i f f i c u l t one i n coordination and rhythm. I n i t i a l l y 
f u l l f l e x i o n of the lumbar and dorsal muscle groups 
and hip and knee j o i n t s i s necessary, then the r o l l -
-ing position has to be maintained whilst grasping 
the ankles. A smooth coordinate movement i s necessary 
throughout to r o l l from one position to another. 
Factors Involved: (1) Co-ordination 





B. Items I n Boys Test Only. 
No. 8. (5) 
Three-dip t e s t . . 
Take a front leaning-rest position. Bend arms, 
touching chest to the f l o o r , and push body up 
again u n t i l forearms are i n a straight l i n e with 
upper arms. Execute three performances i n 
succession. Do not touch the f l o o r with legs 
or abdomen. 
Fa i l u r e : (a) not to push body up three times; 
(b) not to touch chest to the floor; (c) to touch 
the floor with any part of body other than hands, 
feet, and chest. '• 
A strong exercise for the protractors of the 
shoulder j o i n t and extensors of the elbow. S t a t i c 
work for a l l the muscles of the spine and the 
extensors of the hips and knees. Not i n t h i s form 
a d i f f i c u l t exercise. 
Factors Involved: (1) Arm strength 
(2) Co-ordination 
• 
?Q06iE • HEEL- CUOC TEST 
No. 9. (8) 
Double-heel-click t e s t . 
Jump upward, clap feet together twice, and land 
with feet apart (any dista n c e ) . 
F a i l u r e : (a) not to clap feet together twice, 
(b) to land with feet touching each other. 
Somewhat sim i l a r to side kick t e s t (28). A 
powerful take off i s necessary to give time for 
the double heel c l i c k superimposed on the 
or i g i n a l jump. Strong exercise for the extensors 
of the hip and knee 1 and the plantar flexors of 
the ankle. Co-ordination of the trunk and leg 
muscles i s necessary to ensure a good landing. 
Factors Involved: (1) Co-ordination 
(2) Power i n leg action . 





Ho. 10. (14) 
Grapevine t e s t . 
Stand w i t h h e e l s together. Bend trunk forward, 
extend both arms down between l e g s and behind 
a n k l e s , and hold f i n g e r s of hands together i n 
f r o n t of a n k l e s . Hold t h i s p o s i t i o n f o r f i v e 
seconds. 
F a i l u r e : ( a ) to l o s e the balance; (b) not to 
hold f i n g e r s of both hands together; ( c ) not 
to hold the p o s i t i o n f o r f i v e seconds. 
A d i f f i c u l t p o s i t i o n to obtain, but a 
simple and s t r a i g h t f o r w a r d t e s t of balance, 
made i n t o a v e r y c r i t i c a l one by the narrowness 
of the base. 
F a c t o r s i n v o l v e d : (1) Balance 
(2) F l e x i b i l i t y 
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•C. Items i n G i r l s t e s t Only. 
No. 11. (25) 
Forward-hand-kick t e s t . 
Jump upward, swinging l e g s forward. Bend trunk 
forward, and touch toes with both hands before 
l a n d i n g . Keep lower l e g s i n as s t r a i g h t a l i n e 
as p o s s i b l e w i t h upper l e g s . 
F a i l u r e : ( a ) not to touch toes with both hands 
before landing; (b) to bend lower l e g s more than 
f o r t y - f i v e degrees. 
I n i t i a l l y f o r t h i s movement a strong c o n t r a c t -
i o n of the quadriceps and the p l a n t a r f l e x o r s 
of the ankle i s needed. Co-ordination of the 
f l e x o r s of the lumbar, d o r s a l spine to take up 
f u l l y the contr a c t e d p o s i t i o n when i n f l i g h t i s 
important, but the movement does not r e q u i r e 
s t r e n g t h i n these muscle groups. The demanded 
f a i l u r e f o r bending the l e g s more than f o r t y - f i v e 
degrees seems a l i t t l e hard. 
F a c t o r s I nvolved: (1) Power i n l e g a c t i o n 
(2) Co-ordination 
(5) I n s i g h t i n t o nature of 
movement 
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No. 12. (28) 
S i d e - k i c k t e a t . 
Swing l e f t l e g sideways to the l e f t , jumping 
upward w i t h r i g h t l e g . S t r i k e f e e t together i n 
the a i r , and land w i t h f e e t a p a r t . Feet should 
s t r i k e together i n a l i n e t h a t would go to the 
l e f t of l e f t shoulder. 
F a i l u r e : ( a ) not to swing l e g enough to the s i d e ; 
(t>) not to s t r i k e f e e t together i n the a i r , to 
the l e f t of the l i n e of l e f t shoulder; ( c ) not 
to land w i t h f e e t a p a r t . 
Rather s i m i l a r to ( 8 ) . The a c t u a l s i d e k i c k 
i s not i n i t s e l f d i f f i c u l t p r o v i d i n g the performer 
obtains a good f i r m take o f f . The r e a l d i f f i c u l t y 
i s i n the landing when f a i l u r e to c o r r e c t the 
p o s i t i o n of the c e n t r e of g r a v i t y o c c u r s . The 
e x e r c i s e i s not p a r t i c u l a r l y strenuous. 




No. 13. (31) 
Slngle-squat-balance t e s t . 
Squat on e i t h e r f o o t . With hands on h i p s , r a i s e 
one l e g forward. Hold t h i s p o s i t i o n f o r f i v e 
counts. 
F a i l u r e : ( a ) to remove hands from h i p s ; (b) to 
touch the f l o o r w i t h r a i s e d l e g ; ( c ) not to hold 
the balance f o r f i v e seconds. 
Assuming the squat p o s i t i o n i s not d i f f i c u l t . 
The superimposed movement i s simple, m e c h a n i c a l l y , 
to c a r r y out, p r o v i d i n g a good s t a t i c c o - o r d i n a t i o n 
of the supporting l e g , e x t e n s i o n of the h i p , 
f l e x i o n of the knee, p l a n t a r f l e x i o n of the ankle 
and long f l e x o r s of the toes are obtained. The 
complexity of c o - o r d i n a t i o n makes t h i s a v e r y 
good t e s t of balance. 
F a c t o r s I n v o l v e d : (1) Co-ordination 
(2) Balance 
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One of the f a s c i n a t i n g f e a t u r e s of t h i s f i e l d of r e s e a r c h 
i s t h a t both p h y s i o l o g i c a l and s t a t i s t i c a l a n a l y s e s can he 
made. The p h y s i o l o g i c a l a n a l y s i s made by the author shows 
seven main f a c t o r s : 
( 1 ) Co-ordination 
(2) Balance 
(3) I n s i g h t i n t o nature of s k i l l 
(4) Power i n which speed of muscular c o n t r a c t i o n i s 
more important than s t r e n g t h 
(5) F l e x i b i l i t y 
(6) Leg Strength 
(7) Arm Strength 
When Cope (74) i n 1938 made a s t a t i s t i c a l study of the 
component f a c t o r s of the Iowa Brace t e s t , h er f a c t o r i a l a n a l y s i s 
e s t a b l i s h e d the f o l l o w i n g s i x f a c t o r s : 
(1) Dynamic Energy 
(2) F l e x i b i l i t y 
(3) Balance 
(4) S e m i - c i r c u l a r c a n a l balance 
(5) I n s i g h t i n t o nature of the s k i l l 
(6) Arm Control 
By dynamic energy Cope meant a f a c t o r which in v o l v e d the 
d i f f e r e n c e s i n the speed w i t h which persons who ( s a y ) were 
able to l i f t the same weight could throw t h i s s t r e n g t h i n t o 
a c t i o n . Obviously t h i s i s somewhat s i m i l a r to the d e f i n i t i o n 
of power used i n the author's f a c t o r ( 4 ) . F l e x i b i l i t y or the 
range of movement p o s s i b l e a t the v a r i o u s J o i n t s i s a standard 
d e f i n i t i o n and i s the same i n both a n a l y s e s . There are two 
f a c e t s of balance. The author presumes t h a t Cope's f a c t o r three 
i s the same as h i s own f a c t o r two and means the ease w i t h which 
body balance i s maintained, f o r i n s t a n c e i n a hand stand. Cope's 
f a c t o r four, s e m i - c i r c u l a r c a n a l balance, can i t s e l f be s p l i t 
i n t o two s e c t i o n s , ( a ) V e r t i c a l and (b) h o r i z o n t a l . V e r t i c a l 
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s e m i - c i r c u l a r c a n a l balance i s the c o n t r i b u t i o n to balance made 
by the two v e r t i c a l s e t s of s e m i - c i r c u l a r c a n a l s which seem t o 
f u n c t i o n together p r i m a r i l y i n forward, backward and sideways 
movements. H o r i z o n t a l s e m i - c i r c u l a r c a n a l balance i s the 
c o n t r i b u t i o n to balance made by the c a n a l s when the head 
r o t a t e s around a v e r t i c a l a x i s or i n the plane of the h o r i z o n -
t a l c a n a l s themselves. I t i s assumed t h a t Cope's f a c t o r four 
i n d i c a t e s the presence of both. 
"A person who i s most aware of the nature of the s k i l l 
t h a t he i s t r y i n g to l e a r n l e a r n s the s k i l l most r a p i d l y " , says 
Cope, she apparently based her f a c t o r f i v e on a previous study 
by Combs which the author has been unable to obt a i n . As McCloy 
(8) a l s o i n c l u d e d t h i s f a c t o r i n h i s f a c t o r s of motor educab-
- i l i t y the author admits t h a t he was se a r c h i n g f o r i t from the 
s t a r t of h i s p h y s i o l o g i c a l a n a l y s i s , though he maintains t h a t 
as only two attempts are allowed a t the items without previous 
p r a c t i c e , i t s i n c l u s i o n can r e a d i l y be j u s t i f i e d . Arm c o n t r o l , 
Cope's f a c t o r s i x , i s r e l a t e d to her f a c t o r f i v e and would 
appear to in v o l v e a matter of b a l a n c i n g the a c t i o n of a gross 
motor movement by the use of the r e a c t i o n of the arms. 
The f a c t o r s which showed up most prominently i n the 
author's a n a l y s i s were:-
(1 ) Co-ordination 
(2) Balance 
(3) I n s i g h t i n t o the nature of the s k i l l 
( 4 ) Power, i n which speed was more important than 
s t r e n g t h 
I t w i l l be r e c a l l e d t h a t a t the beginning of the present 
chapter i n p r e s e n t i n g h i s s i x f a c t o r s of gross motor a b i l i t y 
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to be measured, the author included balance i n h i s f a c t o r of 
c o - o r d i n a t i o n . I n s i g h t i n t o the nature of the s k i l l was a l s o 
included as a f a c t o r of motor e d u c a b i l i t y . Prom the evidence of 
p a s t r e s e a r c h , these a n a l y s e s and h i s own experience the author 
decided to use the Iowa Brace items as measures of the f a c t o r s 
of motor e d u c a b i l i t y and c o - o r d i n a t i o n . As the t r y out showed 
th a t a normal s i z e d c l a s s could be t e s t e d i n a period of t h i r t y 
f i v e minutes t h i s p a r t of the proposed t e s t became t e s t b a t t e r y 
Number One. I n view of the f a c t t h a t the t a b l e of a c t i v i t i e s 
from standard works (Page 75) i n d i c a t e s t h a t some 37$ of the 
a c t i v i t i e s and s k i l l s r e g u l a r l y used i n p h y s i c a l education 
s y l l a b u s e s have heavy loadings of the two f a c t o r s , the time 
spent i n t e s t i n g them was not considered e x c e s s i v e . 
(d) The Construction of T e s t B a t t e r y Number Two. 
A t t e n t i o n was now turned to the four f a c t o r s f o r which 
t e s t s had s t i l l to be d e v i s e d or chosen. I t was not a n t i c i p a t e d 
t h a t there would be much d i f f i c u l t y i n f i n d i n g t e s t items which 
would measure these f a c t o r s as many a c t i v i t i e s i n the p h y s i c a l 
education programmes r e a d i l y lend themselves to t h i s purpose, 
many i n f a c t having been p r e v i o u s l y used i n t h i s way. The main 
problems were thought to be f i n d i n g the b e s t ones f o r the 
p a r t i c u l a r purpose w i t h which the present study i s concerned, 
and t h e i r i n c l u s i o n i n the c o r r e c t proportions, remembering t h a t 
i t i s almost impossible i n t h i s f i e l d to f i n d pure measures of 
any one f a c t o r due to the w e l l e s t a b l i s h e d overlapping of f a c t o r s . 
I n looking through the p o s s i b l e t e s t items which the author had 
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accumulated over s e v e r a l y e a r s , the f o l l o w i n g c o n s i d e r a t i o n s 
were born i n mind i n choosing t h i r t y one items f o r a p r e l i m i n a r y 
t r y out:-
1. The items should be e a s i l y administered w i t h no p o s s i b i l i t y 
of confusion or misunderstanding of t h e i r requirements, or 
p o s s i b i l i t y of i n j u r y to any c h i l d . 
2. As b a t t e r y Number 2 was meant to be f i n a l l y administered i n 
one period, items must be of sh o r t d u r a t i o n . 
3. As the f a c t o r s to be measured included s t r e n g t h , endurance 
and power, care had to be taken t h a t t e s t items were not of an 
exhausting c h a r a c t e r so t h a t f a t i g u e d i d not i n f l u e n c e the t e s t 
s i t u a t i o n . 
4. The apparatus a v a i l a b l e i n schools being so v a r i e d , the l e s s 
apparatus n e c e s s a r y f o r any t e s t item the b e t t e r . 
5.. I f p o s s i b l e t e s t items should measure a wide v a r i a n c e i n 
degree of achievement. 
6. Past r e s e a r c h e r s have noted t h a t t e s t r e s u l t s of some 
aspects of p h y s i c a l a c t i v i t y , p a r t i c u l a r l y of s t r e n g t h , do not 
produce a normal d i s t r i b u t i o n . 
7. S t a f f o r d (84) demonstrated t h a t although the use of a large, 
b a t t e r y would r a i s e the v a l i d i t y of a t e s t , c o n s i d e r a t i o n must 
be given to 'the purpose of the t e s t to ensure t h a t the i n c r e a s e 
gained warrants the e x t r a time n e c e s s a r y to administer the 
l a r g e r t e s t . 
8. Making an a n a l y t i c a l study of sex d i f f e r e n c e s as they a f f e c t 
the programme of p h y s i c a l education, Moore (85) demonstrated 
t h a t throughout the school age the male has a higher metabolic 
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r a t e than the female. His measurements a l s o showed t h a t 
g i r l s 1 shoulder width i s r e l a t i v e l y narrower, lung c a p a c i t y 
s m a l l e r , and centre of g r a v i t y lower. --.3e concluded: 
" I t must be remembered t h a t g i r l s are not p h y s i c a l l y 
so w e l l equipped to perform V a u l t i n g and hanging 
a c t i v i t i e s on p i e c e s of apparatus as boys, but there 
i s a d r a s t i c need f o r the development of the muscles 
used i n such a c t i v i t i e s " . 
The t h i r t y one items were t r i e d out w i t h the same sample 
as t h a t used f o r the Iowa Brace t r y out. S e v e r a l of the t e s t s 
were immediately d i s c a r d e d owing to them being found to be 
(a) too d i f f i c u l t , (b) too time consuming, or ( c ) r e q u i r i n g 
too much space. 
Examples of d i s c a r d e d t e s t s : -
(1) The squat t h r u s t t e s t . T h i s i s a w e l l e s t a b l i s h e d 
movement, which has been included i n many p h y s i c a l t e s t 
b a t t e r i e s . I t measures a c c u r a t e l y nimbleness of fo o t and 
the a b i l i t y to change d i r e c t i o n of movement q u i c k l y . Many 
boys and g i r l s of t h i s age group found the t e s t v e r y d i f f i c u l t 
to grasp, p a r t i c u l a r l y those i n the e d u c a t i o n a l l y subnormal 
range, even when taught the movement step by s t e p . 
This i t elm was e l i m i n a t e d on counts ( a ) and (b) above. 
(2) Standing p u l l up on the beam. I t was r e a l i z e d from a 
study of past r e s e a r c h t h a t a p u l l up t e s t on the beam i n which 
the movement i s s t a r t e d w i t h the f e e t c l e a r of the f l o o r was 
not l i k e l y to give the v a r i a n c e of performance n e c e s s a r y , 
so the movement was t r i e d from a standing p o s i t i o n w i t h arms a t 
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f u l l s t r e t c h . I t proved both too d i f f i c u l t and a l s o too time 
consuming as the beam had to be ad j u s t e d f o r each performer. 
(3) A form of maze run c o n s i s t i n g of seven c h a i r s s e t out i n 
a pre arranged p a t t e r n seemed promising f o r measuring speed 
and the a b i l i t y to change d i r e c t i o n , but i t was d i s c a r d e d 
because i t r e q u i r e d too much space and because of a d m i n i s t r a t i v e 
d i f f i c u l t i e s . 
F i n a l l y s i x items were chosen which seemed to the author 
to measure the d e s i r e d f a c t o r s . These items were of a nature 
which would allow a normal s i z e d c l a s s to be t e s t e d i n a 
manner s i m i l a r to the group work system of the normal p h y s i c a l 
education l e s s o n , t h a t i s the c l a s s would be s p l i t i n t o s i x 
groups and the groups would then move round the gymnasium to 
f a c e each t e s t s i t u a t i o n i n t u r n . 








D e s c r i p t i o n and A n a l y s i s of the Items 
i n T e s t B a t t e r y Number Two. 
1. Speed T e s t . 
Apparatus, r e q u i r e d , e i g h t "bean hags, stop watch and marked 
out course. 
S t a r t 
l i n e 
1. 2. 3. 4. 5. 6. 7. 8. 
The i n t e r v a l between the s t a r t l i n e and the f i r s t bean bag i s 
f i v e f e e t . Each succeeding bean bag i s s e t f i v e f e e t from the 
preceeding one i n the manner shown. 
The performer s t a r t s with both f e e t behind the l i n e . On 
command "go" the stop watch i s s t a r t e d and p u p i l moves -to p i c k 
up bean bag 1, r e t u r n i n g to drop i t oyer l i n e before s t a r t i n g 
back again to 1 p i c k up No.2, and so on.- Note: I t i s e s s e n t i a l 
t h a t each time he r e t u r n s to s t a r t l i n e one foot must be p l a c e d 
over the l i n e before r e t u r n run begins. On r e t u r n w i t h No, 8 
the watch i s stopped and time recorded to the n e a r e s t one f i f t h 
second. 
The t e s t was found to be easy to perform from a l l p o i n t s 
of view. I t c a l l s f o r accuracy i n f o o t p l a c i n g and speed i n 
t u r n i n g . There i s strong muscle work f o r the p l a n t a r f l e x o r s 
of the ankle and the extensors of the knee and h i p i n t h r u s t i n g 
the body forward. The same muscle groups are a l s o i n v o l v e d i n 
the d e c e l e r a t i o n . Both boys and g i r l s enjoyed the t e s t and 
clamoured f o r more t r i e s to beat t h e i r previous b e s t performance 









2. Pull-Up T e s t . 
Apparatus r e q u i r e d ; Beam. I n schools where beams were 
not a v a i l a b l e , i t was found t h a t a bar placed a t the appropriate 
height a c r o s s two c h a i r s and weighted down by'two p u p i l s was an 
e f f i c i e n t s u b s t i t u t e . 
The performer l i e s on back, grasping a beam p l a c e d with 
i t s top s u r f a c e 24" above the f l o o r , undergrasp w i t h shoulders 
3" behind the beam. Performer then f l e x e s h i s elbows and keeping 
h i s body s t r a i g h t r a i s e s h i s chest to touch the beam. He then 
s t r e t c h e s h i s arms and r e t u r n s to back l y i n g . Without pause 
the movement i s repeated r h y t h m i c a l l y as often as p o s s i b l e . I f 
form i s l o s t ( i . e . body sags or chest i s not brought up to beam) 
the t e s t i s concluded. Score i s recorded as number of p u l l - u p s 
done w h i l s t maintaining form. 
I t i s much e a s i e r to do t h i s movement w i t h undergrasp 
because the w r i s t , elbow and shoulder are performing f l e x i o n 
which i s a ve r y n a t u r a l movement and f a c i l i t a t e s a f i x a t i o n 
p o i n t ' f o r the muscles which r a i s e the trunk ( i . e . l a t i s s u m u s 
d o r s i and p e c t o r a l i s m a j o r ) . W h i l s t the arms are r a i s i n g the 
che s t , the muscles of the r e s t of the body are working s t a t i c a l l y 
to maintain the s t r a i g h t l i n e of the body. T h i s movement i s a 
c l a s s i c a l form of the t h i r d order of leverage where the fulcrum 
i s f a r . removed from the source of power. I t f o l l o w s that the 
extensors of the h i p i n p a r t i c u l a r , helped by the p l a n t a r 
f l e x o r s of the ankle, work c o n c e n t r i c a l l y to push the f e e t down 
onto the f l o o r . 
I n the p r e l i m i n a r y t r y out both the undergrasp and 
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overgrasp s t a r t i n g p o s i t i o n s were t r i e d . I t was found t h a t 
the Tinder-grasp p o s i t i o n seemed to give a b e t t e r spread of 
r e s u l t s . T h i s i s because w i t h the overgrasp the elbows tend 
to poke out sideways and the arms have to work much harder 
to f i x the o r i g i n of the l a t i s s i m u s d o r s i and p e c t o r a l i s major. 
I n a d d i t i o n the muscles of the spine have, to work c o n c e n t r i c a l l y 
to extend the spine i n order to b r i n g the c h e s t to touch the 
beam. There i s an apparent g r e a t e r d i s t a n c e to t r a v e l w i t h 
overgrasp as opposed to undergrasp. 
5. Standing Broad Jump. 
Apparatus r e q u i r e d , S t a r t l i n e on the gymnasium f l o o r , 
tape measure and l a r g e "T" square to a c c u r a t e l y measure the 
d i s t a n c e jumped. 
The performer toes the s t a r t l i n e , bends body forward 
and w i t h l e g s bent a t an angle of about n i n e t y degrees swings 
the arms forward to g a i n momentum f o r the jump, which a f t e r 
execution i s measured i n the way u s u a l i n long jumping. 
Distance i s measured to the n e a r e s t h a l f i n c h . 
An easy to perform and enjoyable t e s t , p a r t i c u l a r l y 
w e l l done by the t h i n a g i l e c h i l d . There i s strong muscle work 
f o r the p l a n t a r f l e x o r s of the ankle and the extensors of the 
h i p and knee. P o s i t i o n i n f l i g h t and on l a n d i n g i s important 
and some coaching i s n e c e s s a r y before the t e s t i s attempted. 
Zimmerman (86:) i n 1956 i n studying the standard form of 
t h i s t e s t s t a t e d t h a t i t had long been considered a fundamental 
human a c t i v i t y , and had been in c l u d e d i n v a r i o u s forms i n the 
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t e s t b a t t e r i e s of Cureton, Rogers, Brace"and S c o t t . Zimmerman 
used.the method of Cinematographic A n a l y s i s to show three 
phases: (1) a p p l i c a t i o n of f o r c e f o r take o f f 
(2) p r o j e c t i o n of body upward and forward 
(3) descent o c c u r r i n g a f t e r g r a v i t y has overcome the 
v e r t i c a l component of f o r c e . 
R e s u l t s showed t h a t movement p a t t e r n s i n s k i l l e d and non-
s k i l l e d performances were s i m i l a r , but before take o f f the 
s k i l l e d used g r e a t e r amounts of ankle f l e x i o n and of h i p , knee 
and ankle extension, than d i d the non s k i l l e d . Kane and 
Meredith (87) measuring the a b i l i t y of.a l a r g e sample of 
American boys and g i r l s i n t h i s a c t i v i t y took grea t pains i n 
a l l r e s p e c t s to see that the t e s t s were c a r e f u l l y c a r r i e d out. 
They demonstrated t h a t s t a r t i n g without p r a c t i c e the performance 
of the c h i l d r e n continued to improve u n t i l about the n i n t h to 
the t w e l f t h attempt. 
The ge n e r a l conclusions were t h a t : 
( a ) S i z e and shape have an i n f l u e n c e on performance 
(b) The t h i n and medium i n physique perform w e l l 
( c ) The v e r y obese are worst. 
4. Medicine B a l l T h r u s t . 
Apparatus r e q u i r e d , 5 l b . medicine b a l l s , measuring 
apparatus s i m i l a r to t h a t used i n t e s t 3. 
The performer s t a r t s i n the back l y i n g p o s i t i o n on a mat 
w i t h h i s h e e l s on the s t a r t l i n e , h o l d i n g the medicine b a l l to 
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The aim i s to swing the trunk upwards and forwards and push the 
h a l l a t an angle of e l e v a t i o n of about f o r t y f i v e degrees i n the 
a i r along the p r e v i o u s l y marked course. I f the performer i s 
unable, a f t e r p r a c t i c e , to perform the movement w e l l , a s i t t i n g 
throw i s allowed w i t h as much body swing as the performer wishes. 
McHone (68) s u c c e s s f u l l y allowed a choice of s t a r t i n g p o s i t i o n 
i n a somewhat s i m i l a r t e s t item when measuring the p h y s i c a l 
e f f i c i e n c y of High School boys i n 1952. The throw i s measured 
to the n e a r e s t i n c h . 
There i s strong abdominal work, e s p e c i a l l y f o r the r e c t u s 
working c o n c e n t r i c a l l y i n i t s f u l l range to r a i s e the trunk 
followed by r a p i d combined extension of the elbow and w r i s t , 
and f l e x i o n of the shoulder to give the " E x p l o s i v e " movement 
ne c e s s a r y . The extensors of the l e g and h i p work s t a t i c a l l y 
to keep the l e g s i n contact w i t h the f l o o r . T h i s t h r u s t i n g 
a c t i v i t y i s a t f i r s t u s u a l l y more e a s i l y performed i n the long 
s i t t i n g p o s i t i o n , but i t was i n t e r e s t i n g to f i n d t h a t , w i t h the 
p r e l i m i n a r y p r a c t i c e allowed to gai n s t y l e , i n many cases g r e a t e r 
d i s t a n c e s were achieved from the l y i n g p o s i t i o n . T h i s i s because. 
of the e x t r a leverage gained.with the bigger a r c h of movement. 
The author thought during the experiment t h a t a l i g h t e r medicine 
b a l l would have to be introduced,, e s p e c i a l l y f o r g i r l s , but i t 
was found that a s u f f i c i e n t range of scores could be obtained 
w i t h the 5 l b . b a l l and the l i m i t e d d i s t a n c e s thrown helped i n 
the s a f e t y f a c t o r . A l i g h t c o a t i n g of powdered f r e n c h chalk on 
the b a l l helped i n determining the c o r r e c t measuring point on 
some f l o o r s . 
J U M P R E A C H 
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-5. Jump Reach. 
Apparatus r e q u i r e d ; some form of measuring instrument, 
graduated i n i n c h e s . A measuring board f o r hooking over w a l l 
"bars or suspending on hooks to a w a l l was designed by the 
author, (see photograph on opposite page). The board i s f i x e d 
so t h a t the s m a l l e s t member of the sample can comfortably r e a c h 
the s c o r i n g a r e a w i t h an u p s t r e t c h e d hand without jumping. A 
sheet of heavy paper, or a blackboard, marked i n i n c h e s , con-
t i n u i n g f o r f i v e . f e e t , i n c l u d e s a l l jump p o s s i b i l i t i e s and can 
be used i n s t e a d i f s e t i n an appropriate p o s i t i o n a g a i n s t a w a l l . 
. The marking of each foot should be continued f u r t h e r t h a t the 
others, and marked i n a d i f f e r e n t colour f o r easy i d e n t i f i c a t i o n . 
(a) The performer stands sideways to the measuring instrument, 
w i t h one shoulder almost a g a i n s t the w a l l , f e e t f i r m l y on the 
ground and r a i s e s the arm n e a r e s t the board to the v e r t i c a l 
p o s i t i o n , (as shown i n photograph). The height of the index 
f i n g e r on the board i s measured. 
(b) Standing i n the same p o s i t i o n the performer bends h i s l e g s 
and u s i n g a vigorous forward and upward swing of the arms jumps 
upwards as high as p o s s i b l e , touching the board w i t h h i s wet 
(or chalked) index f i n g e r . The d i s t a n c e between the two 
measurements i s the height Ijumped, and can e a s i l y be a s s e s s e d to 
the n e a r e s t h a l f - i n c h . 
Jumping upwards from, one or both l e g s always c a l l s f o r a 
strong combined c o n c e n t r i c e f f o r t of the p l a n t a r f l e x o r s of the 
ankle and the knee and h i p e x t e n s o r s . The extensors of the spine 
combined w i t h f u l l e l e v a t i o n of the shoulder undoubtedly help 
( j>) j j g j f r ^ 
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w i t h the upward t h r u s t . The e x i s t e n c e of a t a r g e t enables a 
g r e a t e r height to be achieved owing to the establishment of 
maximum motivation. 
T h i s type of t e s t i n d i f f e r e n t forms has a long h i s t o r y 
s i n c e Sargent f i r s t introduced h i s v e r s i o n i n 1921. McCloy (88) 
r e p o r t i n g on r e c e n t s t u d i e s i n 1932 found a high c o r r e l a t i o n 
between t e s t r e s u l t s and a t h l e t i c events ( r = 0.752). He 
concluded t h a t the Sargent Jump when p r a c t i s e d and c o r r e c t l y 
administered was undoubtedly a v a l u a b l e t e s t . Carpenter (89) 
u s i n g the t e s t i n studying the e f f e c t i v e s t r e n g t h of c o l l e g e 
women found a c o r r e l a t i o n of 0.5267 between the t e s t and her 
c r i t e r i o n . She f e l t t h a t t h i s demonstrated a p o s i t i v e . c o r r e l -
- a t i o n between power and a t h l e t i c performance. R e l i a b i l i t y 
c o e f f i c i e n t s reported f o r the t e s t i n the period before the 
Second World War by s e v e r a l r e s e a r c h e r s v a r i e d between 0.85 
to 0.96. 
6. Press Ups. 
Apparatus; used f o r g i r l s only, gymnastic benches. 
Boys; The performer p l a c e s h i s hands on the f l o o r and assumes 
the w e l l known p o s i t i o n , body and arms s t r a i g h t w i t h hands 
v e r t i c a l l y under the shoulder. The arms are then bent so t h a t 
the chest touches the f l o o r and the arms are then s t r a i g h t e n e d 
to l i f t up the body to i t s s t a r t i n g p o s i t i o n . Performers are 
warned not to touch the f l o o r w i t h l e g s and/or w a i s t , and t h a t 
the body must be s t r a i g h t . The movement i s repeated as often 
as p o s s i b l e . The t e s t ends when the body sags or lower trunk 
B E N C H P R E S S 0 F 5 
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,touches the f l o o r . 
G i r l s t The t e s t i s the same as f o r boys, except that g i r l s 
perform the e a s i e r movement of p l a c i n g t h e i r hands on the 
fa c e of a gymnastic bench, (see photographs). Obviously the 
w a i s t cannot i n t h i s t e s t touch the f l o o r but body sag w i l l 
s t i l l take p l a c e . 
Abdominal muscles work s t a t i c a l l y w i t h the f l e x o r s of the 
h i p to keep the body s t r a i g h t . The outward r o t a t o r s of the 
h i p s are involved, otherwise the h e e l s would f a l l a p a r t . 
To perform the dipping movement the f l e x o r s of the 
shoulder and extensors of the elbow work e c c e n t r i c a l l y to 
lower the chest to the f l o o r . To r e t u r n to the s t a r t i n g 
p o s i t i o n the same groups work c o n c e n t r i c a l l y . The f l e x o r s 
and extensors of the w r i s t and f i n g e r s work s t r o n g l y through-
-out the movement. 
I t was thought from the r e s u l t s of the f i r s t t r y out 
t h a t t h i s item would have to be made somewhat e a s i e r f o r the 
g i r l s , and c e r t a i n l y the m o d i f i c a t i o n i n c r e a s e d the spread 
of scores to a l a r g e degree. 
Scoring: Each completed movement counts one p o i n t . I f the 
performer does not go the whole way down or up, h a l f a point 
i s counted, but the t e s t ends a f t e r t hree consecutive h a l f -
p o i n ts . 
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The Try Out. 
The p r e l i m i n a r y t r y out having r e v e a l e d s i x t e e n items 
which seemed to s a t i s f y the author's requirements, i n s t r u c t i o n 
sheets containing d e t a i l s of the items of the two t e s t "batteries 
x 
were made up. The wording of the t e s t item i n s t r u c t i o n s was 
c a r e f u l l y r e v i s e d to remove s e v e r a l ambiguities which had 
become ev i d e n t . The author a l s o consulted h i s c o l l e a g u e s who 
had taken p a r t i n the p r e l i m i n a r y t r y out of the t e s t and found 
t h e i r impressions and comments v a l u a b l e . The sample was c a r e -
- f u l l y chosen to i n c l u d e boys and g i r l s from a l l types of 
secondary schools s i t u a t e d i n as many p a r t s of the country as 
p o s s i b l e , and from d i f f e r e n t l o c a l i t i e s . The one l i m i t i n g 
f a c t o r i n choosing the sample was t h a t only schools w i t h f u l l y 
q u a l i f i e d p h y s i c a l education s t a f f p e r s o n a l l y known to the 
author were asked to h e l p . Ten secondary modern schoo l s ; three 
from Y o r k s h i r e , three from L a n c a s h i r e , one from each of the 
f o l l o w i n g , Essex, Nottinghamshire, Cheshire and Kent, co n t r i b u t e d 
to the sample. Of these two were c i t y s c h o o l s , f o u r were 
s i t u a t e d i n small i n l a n d towns, one i n a s e a s i d e town, and the 
remaining three i n country d i s t r i c t s . Two secondary grammar 
schools, one from L a n c a s h i r e and one from Y o r k s h i r e , a Y o r k s h i r e 
secondary grammar-technical school, a l a r g e Y o r k s h i r e comprehen-
- s i v e school, and a s m a l l school f o r e d u c a t i o n a l l y sub-normal 
c h i l d r e n a l s o helped. 
The schools were asked to do two t h i n g s : -
X See fihapfeEr-X,;' Manual of i n s t r u c t i o n s . 
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1. To t r y out the Iowa Brace t e s t without p r a c t i c e and s t r i c t l y 
according to the p r i n t e d i n s t r u c t i o n s w i t h as many "boys and 
g i r l s i n the age groups 11+ to 15+ as they reasonably could, 
s c o r i n g each item two points f o r success i n the f i r s t t r i a l , 
one f o r success i n the second t r i a l , having f a i l e d f i r s t time, 
and n i l f o r f a i l u r e i n "both. The reason f o r the i n c l u s i o n of 
a l l p u p i l s w i t h i n the s t a t u t o r y age l i m i t s was t h a t the author 
considered t h i s a good opportunity to check American standard 
scores on the Iowa Brace t e s t u s i n g a B r i t i s h sample, so t h a t 
a s t a t i s t i c a l comparison could l a t e r be made. E i g h t hundred 
and twenty four boys and one thousand one hundred and f o r t y 
e i g h t g i r l s made up the sample. 
2. To t r y out the items of B a t t e r y Number Two, a f t e r g i v i n g 
the amount of p r a c t i c e they considered n e c e s s a r y f o r the e f f i c i e n t 
execution of the t e s t s , by s c o r i n g f o u r consecutive t r i a l s f o r 
each t e s t . The sample i n t h i s case to c o n s i s t of a l l boys and 
g i r l s i n the 11+age range. 
The number of t r i a l s n e c e s s a r y to obtain s a t i s f a c t o r y 
r e s u l t s i n p h y s i c a l t e s t s i s an i n t e r e s t i n g study i n i t s e l f , 
McGraw and T o l b e r t ( 9 0 ) , i n t h e i r comparison of the r e l i a b i l i t i e s 
of methods of s c o r i n g t e s t s of p h y s i c a l a b i l i t y , found t h a t i t 
was doubtful whether s i n g l e t r i a l s or combinations of two t r i a l s 
would produce r e l i a b l e s c o r e s , c o e f f i c i e n t s of v a r i a t i o n tending 
to be s m a l l e s t f o r the "best of t h r e e " method. No higher number 
of t r i a l s was however t r i e d i n t h i s study. 
Kane and Meredith (87) used twelve t r i a l s , apparently w i t h -
out previous p r a c t i c e . I n t h e i r sample 25% a t t a i n e d maximum 
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d i s t a n c e i n a jumping t e s t i n one of the f i r s t four t r i a l s , 
w h i l s t 40$ made t h e i r "best jumps between the n i n t h and t w e l f t h 
jumps. Glover (5) a l s o found t h a t i n some t e s t s members of h i s 
sample reached a maximum as l a t e as the s i x t e e n t h and seventeenth 
t r i a l s and he continued h i s measurement " u n t i l three s u c c e s s i v e 
d e c l i n i n g scores showed t h a t the jumper had passed h i s peak". 
Both S t e e l (92) i n 1952 and C l a r k (93) i n 1960 demonstrated t h a t 
even mental p r a c t i c e of a p h y s i c a l s k i l l was almost as e f f e c t i v e 
as p h y s i c a l p r a c t i c e . The author decided, i n view of t h i s 
evidence, and a l s o to keep the work he was a s k i n g h i s c o l l e a g u e s 
to do to a reasonable amount, t h a t a f t e r previous p r a c t i c e 
considered by the t e s t e r to be s u f f i c i e n t , the b e s t of f o u r 
recorded scores would a t t h i s stage give a reasonably t r u e 
r e p r e s e n t a t i o n of the merit of the performer. 
T h i s l a r g e s c a l e t r y out i n v o l v e d a t o t a l of seven hundred 
and twenty nine boys and f i v e hundred and f o r t y one g i r l s , 
although not a l l the p u p i l s i n the sample d i d a l l the t e s t s . 
The t r y out took p l a c e during the f i r s t two terms of the school 
year 1962/3, and i t s main aims were:-
(1) To produce s t a t i s t i c a l evidence which would help i n the 
formation of a f i n a l balanced t e s t b a t t e r y . 
(2) To examine the Iowa Brace scores of a B r i t i s h sample 
s t a t i s t i c a l l y , and to check these a g a i n s t the recorded s c o r e s 
of American samples by working out T s c o r e s . 
(3) To f i n d the range of scores produced by the items of 
B a t t e r y Number Two and from these evolve a s c o r i n g system, 
d e v i s i n g new s c o r i n g techniques, or adapting o l d ones where 
n e c e s s a r y . 
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An a u x i l i a r y experiment w i t h the 
Iowa Brace T e s t . 
During the same period of time t h a t the t r y out began, an 
a u x i l i a r y experiment was a l s o "begun concerning the v a l i d i t y of 
the Iowa Brace t e s t as a measure of motor e d u c a b i l l t y . The 
review of p a s t r e s e a r c h r e v e a l e d t h a t v a r i o u s r e s e a r c h e r s i n 
America had come to d i f f e r i n g c o n c l u s i o n s regarding the value 
of the t e s t s as a measure of motor e d u c a b i l i t y , and i n r e a c h i n g 
these c o n c l u s i o n s a v a r i e t y of c r i t e r i a had been used. McCloy 
(38) used attainment a t the time of t e s t i n g i n a t h l e t i c events 
and tumbling; Hoskins (91) used the p a r t i c i p a t i o n of students 
i n v a r i o u s s p o r t i n g a c t i v i t i e s ; Brace (39) h i m s e l f used the 
l e a r n i n g of rhythms and sports s k i l l s ; Gire and Espenschade (42) 
used the r a t e a t which t h e i r sample learned new s k i l l s or 
r e l e a r n e d old ones i n b a s k e t b a l l , v o l l e y b a l l or b a s e b a l l . Henry 
and Nelson, i n a general study of learning* pointed out the 
f u t i l i t y of t r y i n g to measure the a b i l i t y to l e a r n by studying 
performance l e v e l ; they s t a t e d t h a t l e a r n i n g a b i l i t y must be 
t e s t e d d i r e c t l y . Henry evolved a method of measuring motor 
l e a r n i n g by equating h i s s u b j e c t s s t a t i s t i c a l l y and then c a l c u l -
- a t i n g how much the i n d i v i d u a l l e a r n e r had improved, the r e l a t i v e 
degree of improvement r e p r e s e n t i n g the l e a r n i n g r a t e . 
Having the good l u c k to f i n d a secondary school where the 
i n t a k e was e n t i r e l y from one a d j o i n i n g J u n i o r school where no 
indoor p h y s i c a l education was taught, the author formed a c l a s s 
of t h i r t y s i x boys and g i r l s who volunteered to s t a y behind f o r 
two separate hours each week o s t e n s i b l y to p r a c t i s e gymnastics. 
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-.Everyone who volunteered was accepted without r e s e r v a t i o n and, 
a f t e r one f r e e e x p l o r a t o r y s e s s i o n , t h e Iowa Brace t e s t was given 
to a l l the sample and the s c o r e s recorded. I n the t h i r d s e s s i o n 
e i g h t gymnastic a c t i v i t i e s were demonstrated and the p u p i l s 
i n v i t e d to "have a go". The hoys and g i r l s having had n e i t h e r 
p r a c t i c e nor i n s t r u c t i o n , t h e i r r e s u l t s were on the whole v e r y 
poor w i t h one or two notable exceptions. The r e s u l t s were 
x 
recorded on a f i v e point s c a l e i n the u s u a l way "by four 
experienced teachers of p h y s i c a l education, the average of the 
four marks "being taken as the s c o r e . The t e s t s were:-
1. Forward and "backward r o l l combined 
2. Headspring o f f box top 
3. Handspring 
4. A s t r i d e v a u l t over buck (3 h o l e s ) 
5. Long a s t r i d e v a u l t over box 
6. Upward and downward c i r c l e on beams 
7. Cartwheel to arab s p r i n g 
8. Hand balance 
Care was taken t h a t landings i n t e s t s 2, 3, 4 and 5 were w e l l 
padded and support was at the ready i n t e s t s 2, 3, 4, 5 and 7 
to prevent a c c i d e n t s to the performers. 
For the next s i x months the c l a s s e s were h e l d r e g u l a r l y , 
attendance and enthusiasm were w e l l maintained as there was no 
pressure and the c h i l d r e n thought of the c l a s s e s e n t i r e l y - as a 
club a c t i v i t y . Care was taken t h a t each group had the same 
coaching and the same time to p r a c t i s e each event, although i t 
was impossible to ensure t h a t the same number of t r i a l s were 
essayed i n each time a l l o c a t i o n . The same four experienced 
teachers then conducted a second s e r i e s of t e s t s i n the e i g h t 
X See "Tests and Measurements i n Health and P h y s i c a l Education" 
by McCloy and Young. Page 23. 
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- - a c t i v i t i e s , t r y i n g t h e i r b e s t w i t h i n s u b j e c t i v e l i m i t s to 
ensure t h a t t h e i r standards were the same as i n the p r e v i o u s l y 
h e l d t e s t s . The percentage i n c r e a s e s i n performance were 
c a l c u l a t e d , these were then c o r r e l a t e d w i t h the scores of the 
Iowa Brace t e s t s by the Product-moment method. 
The main aim of t h i s a u x i l i a r y study was to i n d i c a t e 
whether the Iowa Brace items were together an e f f i c i e n t 
p r e d i c t o r of motor e d u c a b i l i t y w i t h i n the chosen f i e l d of study, 
as past r e s e a r c h makes i t c l e a r t h a t no t e s t y e t evolved has 
been s u c c e s s f u l i n p r e d i c t i n g g e n e r a l motor e d u c a b i l i t y . 
The experiment was repeated during the 1963/4 school year 
w i t h a d i f f e r e n t sample, c o n s i s t i n g t h i s time of t h i r t y - t w o 
boys and g i r l s . The same four examiners were fortunately s t i l l 
a v a i l a b l e and the method t h e r e f o r e d i f f e r e d very l i t t l e from 
the one used i n the previous y e a r . At the same t i m e , i n another 
school, a colleague c a r r i e d out a somewhat s i m i l a r experiment 
with two c l a s s e s of boys, one c o n s i s t i n g of t h i r t y seven boys 
and the other of twenty s i x boys, a l l being i n the 11+age group. 
The nature of the experiment l i m i t s the s i z e of each i n d i v i d u a l 
sample to below f o r t y as p h y s i c a l education c l a s s e s r a r e l y 
exceed t h i s number f o r a host of w e l l known p r o f e s s i o n a l , 
t e c h n i c a l and p h y s i c a l r e a s o n s . I t i s claimed however t h a t 
conditions were so s i m i l a r f o r the two mixed groups,and again 
f o r the two boys' groups»that two l a r g e r samples could 
j u s t i f i a b l y be formed, one from each school, to a s s i s t i n 
a r r i v i n g a t some of the s t a t i s t i c a l c o n c l u s i o n s . 
The technique of measuring improvement i n performance was 
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_ the same i n each case, the sum of the f i r s t e i g h t s c o r e s being 
taken from the sum of the second e i g h t , the r e s u l t being d i v i d e d 
by the p o s s i b l e score and the whole expressed as a percentage. 
I = | ( S 2 - S I ) 
where I = Percentage improvement 
S2 • Score on second t e s t b a t t e r y 
S I = Score on f i r s t t e s t b a t t e r y 
I t i s f u l l y r e a l i z e d t h a t the s i z e of the two samples (a 
t o t a l of 68 i n the mixed group and 63 i n the boys ' group) makes 
the experiment only a check on the American r e s e a r c h e s , although 
some American r e s e a r c h e r s have drawn g e n e r a l l y accepted c o n c l u s -
-ions from samples v e r y l i t t l e l a r g e r than t h e s e . The r e s u l t s 
of t h i s a u x i l i a r y experiment are t a b u l a t e d i n Chapter V I I (pages 
143 and 144). 
C H A P T E R V I I 
THE STATISTICS OF PHASE ONE 
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T A B L E F I V E 
BOYS - INDICES OF FACILITY AND DISCRIMINATION OF 
THE IOWA BRACE ITEMS - N = 824 
Index of D i s c r i m i n a t i o n worked out by U - L method 
us i n g t o t a l score on t e s t as c r i t e r i o n 3 ^ 
X 
Item No. F a c i l i t y D i s c r i m i n a t i o n 
1 (13) 88.47 0.23 
2 (5) 80.76 • 0.51 
3 (27) 81.67 0.35 
4 (30) 49.27 0.38 
5 (8) 40.17 0.53 
6 (21) 87.5 0.20 
7 (14) 80.76 0.26 
8 (26) 80.46 0.32 
9 (16) 57.58 0.61 
10 (29) 35.56 0.58 
X The numbers i n br a c k e t s are the o r i g i n a l Brace 
Test Numbers, see Ref. No. 8,pages 87 to 90, 
a l s o t a b l e 18, page 91. Ib^o^h^ 
T A B L E S I X 
GIRLS - INDICES OP FACILITY AND DISCRIMINATION OF 
THE IOWA BRACE ITEMS - N = 1148 
X 
Item No. F a c i l i t y 
1 (21) 78 .96 
2 ( 2 6 ) . 77 .92 
3 (28) 65 .37 
4 (30) 50 .69 
5 (29) 52 .57 
6 (13) 76 .92 
7 (27) 79 .09 
8 (25 ) 52 .22 
9 (16) 46 .52 
10 (31) 36 .24 











The numbers i n b r a c k e t s are the o r i g i n a l Brace 
Test numbers, see Ref. No. 8 , pages 87 to 90 , 
and t a b l e 18 , page 9 1 . ["BibVynafhj -R1923 
T A B L E S E V E N 
A COMPARISON OF PERFORMANCE OF THE IOWA BRACE TEST OF 
AMERICAN AND BRITISH SAMPLES IN THE JUNIOR HIGH SCHOOL 
RANGE BY MEANS OF "T" SCORES^ 
Boys G i r l s 
American B r i t i s h American B r i t i s h 
Test Score "T" Scores "T" Scores .. "T" Scores "T" Scores 
20 66 73 64 74 19 63 66 61 69 18 60 63 58 65 17 57 59 56 62 
16 54 55 53 59 15 51 52 50 56 14 48 49 47 53 13 45 47 45 51 12 42 45 43 49 
11 39 42 41 47 
10 36 39 39 44 9 34 37 37 42 
8 32 35 35 40 
7 30 33 32 37 
6 28 32 30 35 
5 26 30 26 32 
4 24 28 - 30 
3 22 26 - 28 2 20 23 - 25 1 19 22 - 22 
0 
American "T" Scores from "Tests and Measurements i n 
Health and Physical Education" by McCloy & Young, 
Table 20 Page 94. 
B r i t i s h "T" Scores worked out by the author using 
similar methods. See Ref. 94 i n Bibliography. 
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T A B L E S E V E N (A) 
A comparison of the Scores of B r i t i s h Samples of 
the E l e v e n Plus Range and. of the P u l l S t a t u t o r y 
Secondary Age Range on the Iowa Brace T e s t . 
BOYS GIRLS 
Raw 114* Sample F u l l S t a t u t o r y 114" Sample F u l l S t a t u t o r y 
Score Age Sample Age Sample 
N = 4T6' N - 824 N = 359 N = 1148 
T.Scores T. Scores T. Scores T. Scores 
20 73 73 75 74 
19 68 66 71 69 
18 63 63 67 65 
17 61 " 59 63 62 
16 58 55 61 59 
15 55 1 52 58 56 
14 53 49. 54 53 
13 51 47 53 51 
12 48 45 50 49 
11 46 42 49 47 
10 44 39 47 44 
9 42 37 44 42 
8 40 35 43 40 
7 37 33 39 37 
6 35 32 37 35 
5 34 30 34 32 
4 32 28 32 30 
3 29 26 29 28 
2 26 23 27 25 
1 24 22 24 22 
0 - - - -
B A T T E R Y No. 2. 
T A B L E E I G H T 
Boys - Item No. 1 Speed Test - N = 590 
Time i n Sees. f 
30.5 to 31.4 1 
31.5 to 32.4 4 
32.5 to 33.4 4 
33.5 to 34.4 12 
34.5 to 35.4 28 
35.5 to 36.4 61 
36.5 to 37.4 63 
37.5 to 38.4 83 
38.5 to 39.4 99 
39.5 to 40.4 112 
40.5 to 41.4 50 
41.5 to 42.4 21 
42.5 to 43.4 17 
43.5 to 44.4 14 
44.5 to 45.4 12 
45.5 to 46.4 4 
46.5 to 47.4 . 3 
47.5 to 48.4 1 
48.5 to 49.4 1 
Mean 58.8 sees (- 0.109) 
to n e a r e s t tenth of a second 
SD = 2.65 seconds 
A *| 40 41 44 44 4A 5ECONP5 
132. 
T A B L E N I N E . 
BOYS - ITEM NO. 2 PULL UPS - N = 443 
Number of Pul l Ups f . 
29 30 4 
27 28 3 
25 26 3 
23 24 5 21 22 8 
19 20 11 
17 18 21 
15 16 35 
13 14 42 
11 12 71 9 10 74 
7 8 56 
5 6 54 
3 4 38 1 2 14 
0 4 
Mean - 10.5 r e p l t i t i o n a .("±0.261) 
S.D. = 5.5 
+ 
i * ' - I 
Is ' —\ 
5 1 1 i< V « !7 A * 
TlSPrrrriONS 
133. 
T A B L E T E N 
BOYS - ITEM NO. 3 STANDING BROAD JUMP - N = 495 
Distance jumped f 
6 « 9 i " to 6 '11" 2 6 to 6 1 g» 3 6 to 6 1 7 " 5 6 '3f" to 6 • 5" 4 6 to 6 ' 3" 11 5 »ll£" to 6 t !» 12 5 to 5 •11" 25 5 »7|» to 5 : i 9 " 28 5 
,l l r . 
•"-4 
to 5' 1 7 » 52 5 to 5 , 5rt 45 5 to 5 , gtt 61 4 • H i " to 5 . x" 72 4 •9^" to 4 »11" 25 4 to 4 , gtt 31 4 
•3 l " 
'1$'* 
to 4 1 7 » 39 
4 to 4 1 5" 24 4 to 4 , 3 » 18 3 • H i " to 4 ' 1" 18 3 '9^" to 3 '11" 7 
3 ' 4 to 3 . 9 « 5 3 to 3 1 7 n 7 3 »3{" to 3 » 5" 1 
Mean - 5'1«1W (± 0.545") 
S.D. = 7.64" 
_ 
W It V7 J'<| Vli «'t" 4!j « dh 4<1 4'u ft 
PISTWCB. St 4} S'1 S>n l/i" 6!i <n fj eg t1,! }1 
T A B L E E L E V E N 
BOYS - ITEM NO. 4 MEDICINE BALL THRUST 
N = 635 
Distance i n Feet & Inches f 
11 »3£" to 11 19" 1 
10 •9*" '3*" to 11 •3" 2 10 to 10 19" 5 9 »9§" to 10 , 3„ 8 9 to 9 »9» 15 
8 •9§r" 
»3§" 
to 9 , 3„ 32 
8 to 8 i9» 29 
7 •9§" 
• s i " 
to 8 »3" 40 
7 to 7 • 9" 35 
6 »9i" to 7 •3" 66 
6 >3§" to 6 • 9" 60 5 »9}" to 6 13" 100 5 »3f" to 5 19" 66 4 '9§» to 5 13" 81 




to 4 •3" 31 
3 to 3 »g» 12 2 to 3 »3" 13 2 to 2 19" 3 
1 »9|" to 2 »3" 1 
Mean = 6* 4.25" (± 0.793") 
S.D. = 19.98" (20" approx.) 
1 
i 
1 2<» 3y jf<\ to* 4*) SV 5<j i'i" <l<\ V** 7<? 83' 8f <J** ?<f loV Wq lib t<<f 2"» 
DISTANCE 
T A B L E T W E L V E 
135. 
BOYS - ITEM NO. 5 JUMP REACH N = 582 









to 16*. 2 
to 15# 18 
to 26 
to i s * 
12* 
l l f 
i o | 
57 
to 94 to 108 
to 123 







to 4* 1 
Mean = 10.8" (± 0.081") 
to nearest - 1Of" 
S.D. = 1.943" 
«:* 74* ft ft* «** »t* flf' « " **" KT fit" «' 
>srftNce 
136. 
T A B L E T H I R T E E N 
BOYS - ITEM NO. 6 PRESS UPS - N = 521 
Number of Repitltlons " f 
25 3 24 2 
23 1 



















Mean - 8.5 to nearest h a l f (8.509X 0.218) 




9 io H M. e lb '7 9 To 21 23 
137. 
T A B L E F O U R T E E N . 
GIRLS - ITEM NO. 1 SPEED TEST - N = 432 
Time i n Seconds f 
32.5 to 33.4 " 1 
33.5 to 34.4 2 
34.5 to 35.4 8 
35.5 to 36.4. 14 
36.5 to 37.4 23 37.5 to 38.4 72 
38.5 to 39.4 65 
39.5 to 40.4 76 
40.5 to 41.4 '62 
41.5 to 42.4 39 
42.5 to 43.4 30 
43.5 to 44.4 18 
44.5 to 45.4 10 
45.5 to 46.4 5 
46.5 to 47.4 2 
47.5 to 48.4 3 
48.5 to 49.4 2 
Mean." 40.054 sees. (X 0.121) (taken to be 4U sees.) 
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- T A B L E F I F T E E N 
GIRLS - ITEM NO.2 PULL UPS - N = 450 
Number of Repitition3 
29 and 30 (cut off point) 8 
27 and 28 2 
25 and 26 2 
23 and 24 3 21 and 22 5 19 and 20 10 17 and 18 9 15 and 16 25 13 and 14 38 11 and 12 56 9 and 10 77 
7 and 8 68 
5 and 6 77 
3 and 4 50 
1 and 2 14 
0 6 
Mean - 9.500 (±0.274) 
S.D. = 5.54 




- — 1 1 
tfi 
tm, — 1 
to- 1 
i 1 i = 1 1 ' == I ' 5 7 3 II IJ Iff t) (5 a » B i7 Zf 
T A B L E S I X T E E N 
GIRLS - ITEM NO. 3 STANDING BROAD JUMP - N = 541 
Distance i n feet and inches f 
6 ' 9 i n to 6 •11" 2 6 
•5*" 
to 6 , g it 3 6 to 6 1 7 « 3 6 »3i" to 6 » 5" 2 
6 i l l " to 6 ' 3" 10 5 »ni" to 6 1 ! » 21 5 '91" to 5 •11" 21 5 t7i.11 •si" 
»3|" 
to 5 • 9 " 15 5 to 5 1 7 » 31 5 to 5 1 5 r r 37 5 • i t " to 5 , 3 t i 43 4 • l i i " to 5 1 ! » 61 4 •91" to 4 •11" 49 4 17-1" to 4 1 9 " 42 4 to 4 66 4 »3f" to 4 , 5 » 43 4 to 4 , 3 » 38 
3 • H i " to 4 1 25 
3 i g i n 
1 7 ^ " 
i g l " 
• 3 l " 
to 3 •11" 10 
3 to 3 » 9 " 11 
3 to 3 1 7 n 4 
3 to 3 • 5" 2 
3 • l i " to 3 , 3 w 1 
Mean •» 4' 11.385" (± 0.339) 
(taken to~be 4 ' l i t " ) 





i 1 1 * ft #1 *H Vu 4V Aft « ft AS W * l ft S'5 SI 5'* «( fc't" n i t f <h «V S"? 'i- f% H W 4'« 0» 1*1 rti 
140. 
T A B L E S E V E N T E E N 
GIRLS - ITEM NO. 4 MEDICINE BALL THRUST - N = 454 
Distance i n feet and inches f 
10» 3%" to 10' 9" 1 9» 
3^" to 10' 3" 4 9' g? tr to 9' 9" 3 8' to 9 ' 3" 5 8' to 8' 9" 11 
7' 9}» An 
9§» 
to 8' 3" 21 7 • to 7' 9" 31 6» to 7 ' 3" 42 6' 3§» to 6' 9" 30 
5' 9i» to 6' 3" 60 
5» 3%" to 5 ' 9" 49 
4' 9£" to 5' 3" 61 
4 » 3^" to 4 ' 9" 31 
3' to 4 ' 3" 42 
3« 3^" to 3» 9" 25 
2' 9§« to 3' 3" 22 2 ' 3 j " to 2 ' 9" 16 
1' 9^" to 2 ' 3" 9 
1' to 1' 9" 1 
Mean - 5' 11.27" (± 0.975) (taken to "be 5' l l j " J 
S.D. = 1' 8.76" 
I 
I 
A 1*9 W i"j *S afy Si *9 (fi C$ ti 7fr gS t$ & 9> *»*» * > 
DISTANCE-
T A B L E E I G H T E E N 
GIRLS - ITEM NO.5 JUMP REACH - N = 455 
Height i n Inches 
14* 



































Mean = 8.956" (- 0.102) 
S.D. * 2.17" 
2t » 4fc ft 6fc 74 H <3i iflf |M B4 Bi Ml /» ftfr 
jMSTANOfr. 
- - T A B L E N I N E T E E N 
GIRLS - ITEM NO.6 PRESS UPS (USING BENCH) 
Number of Repititions f 































Mean ° 9.705 (- 0.278) 
S.D. = 5.68 
. 1 -
» 1 > I • « 1 ' ' ' I • \ » 1 1 1 ! 1 I I 1 1—1 I I l | I i I P 
' 3 3 7 9 || I) « V 19 2 a 25 5 i j Jl 
142. 
- N = 414 
143. 
The Auxiliary Experiment 
T A B L E T W E N T Y 
The Correlation between Iowa Brace Test Results and. 
Percentage Improvement i n a S k i l l Test a f t e r Six 
Months' Practice. 
A 1st Sample 1962/5 Mixed N = 36 
N o. Pupil Raw Score T.Score 2nd Test 1st Test 
Percentage 
Improvement 
1 K.B.(g) 16 59 37 19 45 2 D.T.(g) 18 65 32 15 42.5 
3 K.S.(b) 18 63 38 22 40 
4 J.L.(b) 11 . 39 30 20 25 
5 B.P.(b) 12 42 29 17 30 
6 J.H.(g) 11 47 29 15 35 
7 S.M.(g) 9 42 28 19 22.5 
8. J.Ha^b) 16 55 27 16 27.5 
9 M.B.(g) 14 53 27 15 30 
10 C.M.(b) 11 47 27 21 15 
11 A.W.(b) 16 59 26 13 32.5 
12 B.W.(g) 12 49 26 21 12.5 
13 M.R.(g) 14 53 24 13 27.5 
14 A.C.(g) 13 51 24 17 17.5 
15 M.S.(g) 11 47 26 22 10 
16 J.P.(b) 18 55 24 ' 12 30 17 H.H.(g) 9 42 20 16 10 
18 L.W.(g) 11 47 29 21 20 19 B.M.(g) 8 40 18 16 5 
20 D.G.(g) 8 40 19 15 10 
21 S.Re.(g) 11 47 28 12 40 
22 M.J.(g) 13 51 25 21 10 
23 J.F.(g) 15 56 26 18 20 
24 J.U.(g) 13 51 33 18 37.5 
25 S.M.(g) 14 53 28 11 42.5 
26 A.C.(g) 12 49 24 14 25 
27 E.H.(g) 11 47 22 16 15 
28 S.B.(b) 16 55 36 20 40 29 K.W.(b) 16 55 35 18 42.5 
30 J.R.(g) 7 37 24 18 15 31 S.Ra.(g) 6 35 22 15 17.5 
32 G.D.(g) 5 32 19 17 5 
33 F.S.(b) 12 45 31 20 27.5 34 L.T.(g) 7 37 21 18 7.5 
35 K.U.(g) 11 47 22 16 15 
36 P.L.(b) 14 49 32 21 27.5 
X Prom Table Seven. B r i t i s h T Scores Calculated by the Author 
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Table Twenty continued: 
R ("by product-moment) of Iowa Brace T Score 
with percentage improvement = 0.652 (* 0.096) 
The r e s u l t s of the three s i m i l a r experiments were as follows: 
B 2nd Sample 1965/4 Mixed N ° 32 R = 0.591 (* 0.116) 
C 3rd Sample 1965/4 Boys N - 57 R = 0.704 0.085) 
D 4 th Sample 1965/4 Boys N 8 26 R • 0.628 0.119) 
Taking Samples A and B together as the conditions of the 
experiment were as near i d e n t i c a l as possible 
A and B together H - 68 R = 0.625 0.074) 
Taking Samples C and D together for the same reason 
C and p together N = 65 R = 0.674 0.069) 
The only comments one can make on these r e s u l t s are:-
1. They bear out what has been discovered about the v a l i d i t y of 
the t e s t s by the various methods used by American researchers 
(described i n Chapter I V ) . 
2. A f a i r l y v a l i d measurement of motor educability such as t h i s 
one i s , at the present stage of research, a useful measurement. 
There seems to be an urgent need for a t e s t which w i l l measure 
motor educability with a higher degree of accuracy. 
145. 
IOWA BRACE TEST 
The maximum score for the ten items being twenty points for 
b oth boys' and g i r l s ' t e s t s , i t i s obvious from the mean 
scores, boys 13.676 (^0.126) and g i r l s 12.326 (-0.116), that the 
samples found the t e s t an easy one. This i s confirmed by the 
f a c i l i t y indices for individual items and for the f u l l t e s t . 
Considering items one and s i x to be buffer items, as McCloy 
intended, the f a c i l i t y indices for the f u l l t e s t s were s t i l l 
boys 63.28$ and g i r l s 57.58$. F a c i l i t y l i m i t s have been 
variously established by physical education researchers at 
10 and 90$ ( i . e . those items answered by l e s s than 10$ or more 
x 
than 90$ are dropped), 7 and 93$, and 5 and 95$. I f one 
accepts these l i m i t s then each one of the items i a acceptable 
on the score of f a c i l i t y although i t i s r e a l i z e d that i n mental 
testing an index of between 25 and 85$ i s generally considered 
necessary for an item to be included i n the f i n a l t e s t battery. 
In the same way lower indices of discrimination ( i n the order 
of 0.25) seem to be considered quite acceptable i n health and 
physical education t e s t i n g . 
Many researchers have shown that motor educability i s not 
s i g n i f i c a n t l y correlated with int e l l i g e n c e and t h i s conclusion 
i s accepted by the author. However, for some reason the scores 
i n Table Three (Page 125) tend to demonstrate that there i s a 
positive correlation as school C, which gained 74.66$ of the 
t o t a l marks, and school J, which gained 70.98$, are both secondary 
X See "Application of Measurement to Health & Physical Education", by Clarke H. Pages 50,51. 
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.grammar schools. School K (70.33$) i s a comprehensive school 
and school M (68.39$) i s a technical school. The four second-
-ary modern school A,E,F and N averaged a s i g n i f i c a n t l y lower 
percentage score than these and school L, which i s a school 
for educationally sub-normal pupils, had f a r and away the 
lowest percentage score of 27.19$ This trend was not so 
obvious i n Table Four (page 126) where the two grammar schools 
for g i r l s , represented by l e t t e r s B and C, did not score 
s i g n i f i c a n t l y higher than the secondary modern schools. 
"T" Scores as devised by McCall (96) are normalized 
standard scores converted into a d i s t r i b u t i o n with a mean of 
f i f t y and a standard deviation of ten. I t w i l l he seen from 
Table Seven (Boys) that throughout the range the B r i t i s h 
sample scored s l i g h t l y l e s s than the American boys. Approx-
-imately 5.5$ of the Americans obtained the maximum score and 
only 1.1$ of the B r i t i s h sample achieved t h i s . 53.98$ of the 
Americans had scores below 15 and 57.93$ of the B r i t i s h . Only 
0.82$ of the Americans and 2.28$ of the B r i t i s h scored l e s s 
than 5 out of 20. From the table of g i r l s 1 scores i t i s 
obvious that the American g i r l s score much higher than those 
of the B r i t i s h sample. Table Seven "A" shows that within the 
B r i t i s h sample the f u l l statutory age group score better than . 
the 11^-sample which tends to support McCloys contention that 
t h i s should be so. 
BATTERY NO. 2. 
The scores obtained on the speed t e s t , the standing broad 
jump and jump reach, when plotted by natural histogram, gave 
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- -an appearance of approaching normality. The medicine b a l l 
thrust t e s t , although somewhat elongated at the upper end was 
also reasonably normal i n shape. On the other hand the histograms 
of the two strength t e s t s were negatively skewed as had been 
expected, previous researchers having shown t h i s type of r e s u l t 
to be common i n strength t e s t s . The d i f f i c u l t y here i s that 
there i s such a wide range of a b i l i t y to be measured that making 
the t e s t easy enough for the weaker pupils to gain a score 
considerably increases the number of r e p i t i t i o n s which the 
stronger are capable of doing, thus greatly increasing the time 
necessary for the t e s t and the p o s s i b i l i t y of error. Other 
considerations also had to be borne i n mind i n deciding the 
scoring system of the two t e s t s and these are discussed l a t e r 
i n the present Chapter. 
The method used i n the construction of the scoring tables 
was to assign a score of 10 to performances, which were at l e a s t 
three standard deviations above the mean and to assign a score 
of 0 to performances which were three standard deviations or more 
below the mean. The performances between the mean and 10 were 
divided into f i v e equal i n t e r v a l s and the performances between 
0 and the mean were also divided into f i v e equal i n t e r v a l s , 
giving a range of scores from 0 to 10 contained i n — three 
standard deviations from the mean. This method worked well for 
a l l but the strength tests and was l a t e r confirmed as sound when 
the v a l i d a t i o n sample (an e n t i r e l y f r e s h one) produced scores 
which were normal i n pattern The scoring of the strength t e s t s 
"'^required further thought. The author had noticed during the 
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performance of these t e s t s t h a t when c a l l e d on t o repeat them 
a small p r o p o r t i o n of the weaker members were l o t h t o do so, 
something which never occurred i n any of the other t e s t s . A 
f u r t h e r small group q u i t e o bviously t r i e d extremely hard and 
one or two of these f i n i s h e d i n q u i t e a d i s t r e s s e d c o n d i t i o n 
from which, however, they q u i c k l y recovered. C l i n i c a l psycho-
- l o g i s t s are e v i d e n t l y f a m i l i a r w i t h t h i s phenomenon i n studying 
p e r s o n a l i t y t r a i t s (97) where the f a c t o r of persistence i n t e r -
-venes, o f t e n reducing the r e l i a b i l i t y of a t e s t by a l t e r i n g 
the r e t e s t scores. A f t e r some experience w i t h the s t r e n g t h 
t e s t s the author decided t h a t i n view of the above and also 
because i t was r e a l i z e d t h a t a t e s t t o exhaustion p o i n t was 
q u i t e unnecessary, being out of keeping w i t h the s p i r i t and 
purpose of the t e s t b a t t e r y , t h a t an a r b i t r a r y cut o f f p o i n t 
would have t o be introduced. A maximum of 30 r e p i t i t i o n s had 
been placed on the p u l l - u p t e s t s q u i t e e a r l y i n the t e s t s e r i e s , 
and of course the author and h i s colleagues were ever a l e r t 
f o r signs of undue s t r a i n before the l i m i t . At the same time 
the boys' press-ups had been l i m i t e d t o 25 r e p i t i t i o n s and the 
g i r l s ' t e s t made easier by the i n t r o d u c t i o n of benches. 
U n f o r t u n a t e l y some p u p i l s knew what the maximum score i n a t e s t 
was and strove m i g h t i l y and overanxiously t o a t t a i n i t . The 
author r e a l i z e d t h a t although he wanted maximum e f f o r t i t would 
be p r e f e r a b l e i f the p u p i l s being t e s t e d d i d not know what t h i s 
maximum was, but i n cases where s t r a i n was apparent, a q u i e t 
"thanks, t h a t ' s enough, w e l l donei" from the a d m i n i s t r a t o r 
would solve the problem r a t h e r than having a r i g i d a r b i t r a r y 
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^•known l i m i t . 
The f u l l s c oring t a b l e s f o r b a t t e r y No. 2 are incl u d e d 
on the next two pages. I n using them i t must be remembered 
t h a t i n scoring the t e s t s there are l i m i t a t i o n s imposed by 
the apparatus used and,although the t e s t s are o b j e c t i v e i n 
character,the accuracy of scoring can be a f f e c t e d by:-
(a) the d i f f e r e n c e s of r e a c t i o n times of the persons h o l d i n g 
the stop watch i n the speed t e s t , 
(b) the s u b j e c t i v e i n t e r p r e t a t i o n of what c o n s t i t u t e s h a l f a 
p o i n t i n any of the r e p i t i t i o n t e s t s , 
(c) the s u b j e c t i v e judgment of e x a c t l y where a p u p i l ' s f o o t 
landed i n the broad jump. 
The d i f f e r e n c e between the press-up t e s t i n the boys' and the 
g i r l s ' b a t t e r y must be remembered when making comparisons 
of boys' and g i r l s ' scores. 
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TABLE TWENTY ONE - BOYS SCORIHG TABLE - TEST BATTERY Ho.2 
Score Speed 
Test 







Sees. RepLtitions Ft.& I n s . Ft.& I n s . Inches R e p l t i t i o n s 
10 31.5 & 
"below 






20 & above 
9 31.6 t o 
33.1 
22.5 t o 
24.5 




t o 15£" t o 
1 6 i " 
18 t o 19.5 
8 33.2 t o 34.7 
20 t o 22 6'0i " t o 6 ' 4 " 8'10§r" 9 '10" t o 14" t o 15" 16 t o 17.5 
7 34.8 t o 
36.3 
17.5 t o 
19.5 




t o 1 2 f " t o 
13f" 
14 t o 15.5 
! 6 
i i 
1 1 5 
36.4 t o 
37.9 




t o l l i " t o 
12|" 
12 t o 13.5 
38 t o 
39.5 
12.5 t o 
14.5 




t o 10i:"to 
111" 
10 t o 11.5 
i 4 
i 
39.6 t o 
41.1 




t o 9" t o 
10" 
8 t o 9.5 
! 3 • 41.2 t o 
42.7 
7.5 t o 
9.5 




t o 7 f " t o 
8#" 
6 t o 7.5 
2 
i .. 
42.8 t o 
44.3 
5 t o 7 3 ' 9 i " t o 
4 ' l | " 
2'10i" 
3'10" 
t o ~ 6 ~ i " " t o 
' s 
4 t o 5.5 
1 
i 
44.4 t o 
45.9 
2.5 t o 
4.5 
3'5" t o 
3'9" 
I ' l O p 
2'10" 
t o 5*" t o 
6 i " 
2 t o 3.5 
0 46 and 
above 
0 t o . 2 3'4|" & 
below 
1 ' i o i " 
below 
& 5" and 
below 
0 t o 1.5 
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TABLE TWENTY TWO - GIRLS SCORING TABLE - TEST BATTERY No.2 
Score Speed ' 
Test 







Sees. R e p i t i t i o n s Ft.& I n s . Ft.& Ins. . I n s . R3T±t3tlons 












9 33.3 t o 
34.7 
21.5 t o 
23.5 




t o 13£ t o 
14^ 
21.5 t o 
23.5 
8 34.8 t o 
36.2 




t o 12^- t o 
I 3 i 
19 t o 21 
7 36.3 t o 
37.7 
16.5 t o 
18.5 
5'6" t o 
5'10" 
7 ' 5 i " 
8'5" 
t o 11 t o , 
12 
16.5 t o 
18.5 
6 37.8 t o 
39.2 




t o 9 f t o 
l 6 f 
14 t o 16 
5 39.3 t o 
40.7 
11.5 t o 
13.5 
4'9" t o 
5'1" 
5 ' 5 i " 
6 '5" 
t o 8| t o 
9* 
11.5 t o 
13.5 
4 40.8 t o 
42.2 




t o 7| t o 
8$ 
9 t o 11 
3 42.3 t o 
43.7 
6,5 t o 
8.5 
4'0" t o 
4 i 4 ii 
3'5^" 
4 '5" 
t o 6 t o 7 6.5 t o 
8.5 
2 43.8 t o 
45.2 




t o 4 f t o 4 t o 6 
1 45.3 t o 
46.7 
1.5 t o 
3.5 




t o 34- t o 1.5 t o 
3.5 













C H A P T E R V I I I 
THE EXPERIMENT - PHASE TWO 
153. 
R e l i a b i l i t y of the Test Items. 
The reasons why the t e s t - r e t e s t method of f i n d i n g the 
r e l i a b i l i t y of the Iowa Brace items i s . u n l i k e l y t o be- successful 
have been f u l l y discussed elsewhere, t h e r e f o r e the s p l i t - h a l f 
method was used. McCloy (98) c a l c u l a t e d the r e l i a b i l i t y of the 
f u l l t e s t by matching the scores on items 1, 2, 3, 4 and 5 w i t h 
those of items 6, 7, 8, 9, and 10. The author decided t o use 
the more orthodox method of c o r r e l a t i n g the even-numbered t e s t s 
w i t h the odd-numbered t e s t s , c o r r e c t i n g the r e s u l t s by use of 
the Spearman Brown Prophecy Formula. 
The s i x items of t e s t b a t t e r y Number 2 were t e s t e d f o r 
r e l i a b i l i t y by the t e s t - r e t e s t method. Each p u p i l i n the t r y 
out having recorded f o u r scores on each t e s t a f t e r a considerable 
amount of p r e l i m i n a r y p r a c t i c e , the b e t t e r of the f i r s t two 
scores was c o r r e l a t e d w i t h the b e t t e r of the second two scores. 
The product-moment method of c o r r e l a t i o n was used. 
T A B L E T W E N T Y T H R E E 
Statement of R e l i a b i l i t y 
Iowa Brace Items by s p l i t h a l f method t a k i n g a l t e r n a t e 
items. Corrected by Spearman Brown 
Prophecy Formula 
r M SD 
Boys 0.862 824 13.676 3.62 
G i r l s 0.793 1148 12.326 3.93 
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Test B a t t e r y No. 2 Items 
BOYS 
"by t e s t -r e t e s t method. 
Test Item r t t N M S.D. 
1. Speed Test 0.908 590 38.8 sees. 2.65 sees. 
2. P u l l Ups 0.858 445 10.49 5.56 
3. St.Br. Jump 0.898 495 5*0.8" 7.64" 
4. M.B. Thrust 0.876 635 6'4.2" 19.98" 
5. Jump Reach 0.898 582 10.83" 1.94" 
6. Press Ups 0.712 
GIRLS 
521 8.48:: 4.81' 
Test Item r t t I M S.D. 
1. Speed Test 0.880 432 40.01 sees 2.51 sees. 
2. P u l l Ups 0.804 450 9.56 5.82 
3. St.Br. Jump 0.928 541 4' 11.38" 7.B " 
4. M.B. Thrust 0i747 454 5' 11.27" 20.76" 
5. Jump Reach 0.887 455 8.94" 2.17" 
6. Press Ups 0.734 414 9.71 5.68 
Determining the V a l i d i t y of the F u l l Test B a t t e r y 
Having evolved a scoring system and shown the t e s t items 
t o he r e l i a b l e and p r a c t i c a b l e , the next step was t o determine 
whether the composite t e s t b a t t e r y d i d , i n f a c t , measure 
a c c u r a t e l y what i t was supposed t o measure. A f r e s h sample was 
chosen from the new i n t a k e (1963/64) of several of the schools 
which had taken p a r t i n phase one of the experiment. The 
advantage of t h i s was f e l t t o be t h a t the a d m i n i s t r a t o r s would 
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have b e n e f i t e d from t h e i r previous experience, p a r t i c u l a r l y i n 
the" knowledge of how t o demonstrate the t e s t items and how t o 
organise the most advantageous r o t a t i o n of t e s t b a t t e r y Number 2 
i n t h e i r own p a r t i c u l a r gymnasia. I t i s considered, i n American 
p h y s i c a l education t e s t i n g research,that a sample of between one 
X 
hundred and three hundred persons i s necessary a t t h i s stage t o 
form a v a l i d a t i o n sample. The number of one hundred i s counted 
as being acceptable where a l l the subjects are " w e l l d i s c i p l i n e d , 
i f they endeavour t o put forward t h e i r best e f f o r t s , and 
i f there are no discordant elements". The author decided t o t r y 
t o .organise a sample which w e l l exceeded three hundred i n b o t h 
boys' and g i r l s ' s e c t i o n s , i n order t o ensure t h a t the maximum 
number, or as near t h i s as p o s s i b l e , should be f i n a l l y a t t a i n e d . 
I n the event the boys' v a l i d a t i o n sample consisted of j u s t -over 
f o u r hundred and the g i r l s * sample numbered two hundred and 
t h i r t y n i n e . Care was taken t o form the sample from as near the 
whole range of mental a b i l i t y and i n the c o r r e c t p r o p o r t i o n 
as p r a c t i c a b l y p o s s i b l e . The f o l l o w i n g t a b l e shows the numbers 
of p u p i l s and t h e i r types of school. 
TABLE TWENTY FOUR THE VALIDATION SAMPLE 
Types of School attended by Members of the Sample 
BOYS 
Type of School j A f i e , (to nearest whole 
Se-gDhdai'y Grammar 89 22 number) 
Comprehensive (Technical Stream) 33 8 
Secondary Modern plus Secondary 
Modern Stream of Comprehensive 264 66 
E.S.N. 16 4 
T o t a l 402 100 
X Ref. (8) Page 34. 
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GIRLS 
Type of School Wo. % Age ( t o nearest whole Number) 
Secondary Grammar 34 14 
Secondary Modern 190 80 
Special Class i n 
Secondary Modern 15 6 
T o t a l 239 100 
I t i s r e g r e t t e d t h a t owing t o circumstances outside the 
author's c o n t r o l , the g i r l s ' sample was n e i t h e r q u i t e so l a r g e 
nor q u i t e so w e l l balanced as the author would have wished. On 
the other hand, a l l o w i n g f o r the f l u c t u a t i o n s i n methods of 
e n t r y t o secondary schools i n various p a r t s of the country, and 
the n e c e s s i t y of working w i t h groups r a t h e r than i n d i v i d u a l s , the 
author considered t h a t the boys' group was very w e l l balanced 
and the g i r l s ' group reasonably w e l l balanced. 
The C r i t e r i o n . 
The problem of what c o n s t i t u t e s success i n p h y s i c a l 
education i s a thorny one. I n academic subjects there i s 
u s u a l l y some e x t e r n a l examination h e l d several years a f t e r the 
s e l e c t i o n which i s used as an i n d i c a t i o n as t o whether the 
s e l e c t i o n has been successful or n o t . Even then some would 
argue t h a t a boy who had c o n t r i b u t e d much t o the l i f e of a school, 
and been Head Boy or chairman of school s o c i e t i e s could h a r d l y 
be counted as an educational f a i l u r e i n the broadest sense of 
the word because he gained low marks i n an e x t e r n a l examination. 
I n t h e i r search f o r c r i t e r i a which would be s u i t a b l e and g e n e r a l l y 
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acceptable f o r measuring success, p h y s i c a l education researchers 
have used a v a r i e t y of methods which may or may not appear 
s u i t a b l e t o workers i n other f i e l d s of t e s t i n g and measuring 
human a b i l i t i e s . At one extreme i s the "informed s u b j e c t i v e 
judgment" used by McHone et a l (68) and a t the other "the sum 
of the T scores of f o r t y - o n e motor t e s t s , each of which was 
considered t o represent some aspect of the seven s p e c i f i c 
elements i n t o which general a t h l e t i c a b i l i t y had been analysed" 
used by Cozens ( 9 9 ) . Very few researchers i n p h y s i c a l education 
have attempted t o v a l i d a t e a new t e s t by c o r r e l a t i n g i t t o an 
X 
older e s t a b l i s h e d t e s t . I n the case of the present study the 
author could f i n d no a v a i l a b l e t e s t which would measure h i s 
chosen f i e l d of study w i t h a s u f f i c i e n t degree of accuracy t o be 
used as a c r i t e r i o n measure. 
The author claims t h a t the f i r s t step i n ensuring the 
v a l i d i t y of h i s t e s t b a t t e r y was taken i n the c r i t i c a l t h i n k i n g 
about the problem which i s repo r t e d i n Chapter V I (Pages 69 t o 
74). Although t h i s cannot be used i n the accepted sense as a 
c r i t e r i o n measure, i t has, by analysing the chosen area of motor 
a b i l i t y i n terms of i t s elements, formed the basis on which the 
t e s t has been constructed. I t i s admitted t h a t the an a l y s i s was 
based on what i s being taught, w i t h o u t g i v i n g c o n s i d e r a t i o n t o 
the author's opinions of what should be taught. A f t e r much 
d e l i b e r a t i o n , weighing the advantages of one method against 
another, i t was decided t o use a composite c r i t e r i o n of two 
X Clarke (18) P.31 says "The p r a c t i c e of v a l i d a t i n g a new t e s t 
w i t h an e s t a b l i s h e d procedure has not been f o l l o w e d t o any 
extent i n p h y s i c a l education". 
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X p a r t s , each t o have equal value I n a r r i v i n g at the c r i t e r i o n 
score:-
(a) Subjective judgment by experts using a r a t i n g scale. 
(b) T o t a l score on a s e r i e s of attainment t e s t s . 
The f i r s t p a r t of the c r i t e r i o n , a measure of general 
gymnastic a b i l i t y , was scored out of f i f t y by the teacher i n 
charge of the class i n c o l l a b o r a t i o n w i t h the author i f present, 
or another colleague i f the author was not present. The 
teachers were asked t o use a f i v e p o i n t scale and t o assume a 
roughly normal range of a b i l i t y i n the class so t h a t the scores 
of the m a j o r i t y would be between 15 t o 35. A few o u t s t a n d i n g l y 
successful p u p i l s t o reach scores approaching 50 and a t the 
other end a few, r a t e d as unsuccessful, approaching zero. 
The author's o r i g i n a l idea f o r the second p a r t of the 
c r i t e r i o n measure was t o f i n d f i v e a c t i v i t i e s commonly taught 
by a l l schools t a k i n g p a r t i n the v a l i d a t i o n t e s t s d u r i n g the 
f i r s t h a l f of the f i r s t year of the secondary course. The 
s k i l l s t o be of a type which was basic t o the area of a b i l i t y 
being measured, but a t the same time as f a r removed i n content 
from the t e s t i n g m a t e r i a l as p o s s i b l e . What was not taken i n t o 
s u f f i c i e n t c o n s i d e r a t i o n was the v a r i e t y of t o p i c s which 
i n d i v i d u a l boys ' and g i r l s ' schools teach and the d i f f e r i n g 
methods and times of teaching them. I t would have been an 
unwarrantable i m p o s i t i o n on a band of w i l l i n g c o l l a b o r a t o r s t o 
ask them t o change t h e i r schemes of work t o s u i t the author's 
X Glover (5) i n 1954 used a composite c r i t e r i o n of two p a r t s 
i n a s i m i l a r manner. 
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.convenience, t h e r e f o r e a compromise s o l u t i o n was found t o be 
necessary. The compromise consisted of scoring f i v e basic 
gymnastic a c t i v i t i e s from a group of seven, chosen by the author 
as being common t o the f i r s t year schemes of the m a j o r i t y of the 
schools. The seven were: 
(1) Forward R o l l 




(6) A s t r i d e v a u l t over buck 
(7) Through v a u l t w i t h box crosswise 
The performance of each t e s t was marked out of t e n , by a maximum 
of f o u r and a minimum of two competent judges, the average score 
being the one recorded. I n the event there was a d i s t i n c t 
thread of common a c t i v i t i e s chosen from the group, handstanding, 
forward or backward r o l l s , and cartwheels being included i n a l l 
the t e s t samples received. The maximum score on t h i s s e c t i o n 
was also f i f t y , so t h a t the t o t a l c r i t e r i o n score was expressed 
as a percentage. 
I t i s claimed t h a t the s l i g h t v a r i a t i o n s i n p a r t two of 
the c r i t e r i o n made, i n p r a c t i c e , very l i t t l e d i f f e r e n c e t o the 
c r i t e r i o n scores and were j u s t i f i e d i n view of the everyday 
p r a c t i c a l considerations a t t e n d i n g an experiment of t h i s size 
and scope, which demanded the close co-operation of so many 
people. The c r i t e r i o n measure was as thorough, as p a i n s t a k i n g 
and as accurate as circumstances p e r m i t t e d . 
The means and standard d e v i a t i o n s of the t o t a l scores 
gained i n the c r i t e r i o n measure worked out as f o l l o w s : -
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No. Mean Score % S.D. 
Boys 402 54.57 16.45 
G i r l s 239 52.91 13.98 
One p o i n t brought out d i s t i n c t l y , b o t h by the author's 
observations and l a t e r confirmed by the s t a t i s t i c s recorded 
above, was t h a t women teachers seemed l o t h t o use both ends of 
the measuring scale, tending t o underscore what, t o the author, 
were f i r s t class performances and yet a t the other end boosti n g 
the scores of those who lamentably f a i l e d . The maximum c r i t e r i o n 
score awarded t o a boy was 92$ and the minimum score 6%. The 
maximum recorded g i r l s ' score was 88% and the minimum 19%, 
The Establishment of the F i n a l B a t t e r y 
The score t h a t represented the c r i t e r i o n and the t o t a l 
score from the t e s t b a t t e r y having been worked out, b o t h the 
c r i t e r i o n measures and the t e s t b a t t e r y were administered t o the 
two v a l i d a t i o n samples. The next steps were s t a t i s t i c a l i n 
character, c o n s i s t i n g o f : -
1. Finding the c o e f f i c i e n t s of c o r r e l a t i o n between the c r i t e r i o n 
and each of the items of the whole t e s t b a t t e r y . 
2. Finding the c o e f f i c i e n t s of c o r r e l a t i o n between the scores 
of each of the items i n the t e s t b a t t e r y and the scores on each 
of the other items. 
The Iowa Brace t e s t was counted as a s i n g l e item because i t was 
f e l t t h a t the f a c i l i t y and d i s c r i m i n a t i o n t e s t s done i n Phase 
One, and the item c o r r e l a t i o n s of Table 23 produced s u f f i c i e n t 
knowledge of the i n d i v i d u a l items f o r the purposes of the t e s t 
b a t t e r y . 
The Results of these c a l c u l a t i o n s are set out i n the 
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f o l l o w i n g t a b l e s . The Iowa Brace Items are numbered one t o t e n 
and the items of t e s t b a t t e r y Number Two, eleven t o s i x t e e n . 
The Product-Moment method of c o r r e l a t i o n was used f o r t e s t b a t t e r y 
Number 2 and the Point B i s e r i a l method f o r the Iowa Brace Items. 
TABLE TWENTY FIVE 
The C o r r e l a t i o n s between C r i t e r i o n Scores and each 
Item of the Test B a t t e r y - Boys. 
Note: The items are placed i n descending order of 
value of c o r r e l a t i o n c o e f f i c i e n t s . 
Boys N = 402 
Test Item No. Name R 
16 Press Ups 0.569 
13 Standing Broad Jump 0.554 
11 Speed Test 0.540 
12 P u l l Ups 0.536 
15 Jump Reach 0.528 
8 F u l l Squat Arm C i r c l e Test 0.475 
9 Kneel Jump t o Feet 0.395 
14 Medicine B a l l Thrust 0.373 
2 Three Dip Test . 0.346 
4 Top Test 0.321 
1 One Foot touch Head Test 0.293 
10 Russian Dance Test 0.292 
7 G-r ape vine Test 0.291 
6 Side Leaning Rest Test 0.279 
5 Double Heel C l i c k Test 0.201 
3 Half Turn Jump Test 0.079 
TABLE TWENTY SIX 
The C o r r e l a t i o n s "between C r i t e r i o n Scores and 
each Item of the Test B a t t e r y - G i r l s 
Note: The items are placed i n descending order 
of value of c o r r e l a t i o n c o e f f i c i e n t s . 
GIRLS N » 239 
; Item No. Name R 
13 Standing B road Jump 0.538 
16 Bench Press Ups 0.496 
4 Top Test 0.479 
12 P u l l Ups 0.466 
9 Kneel Jump t o Peet Test 0.394 
11 Speed Test 0.374 
5 Russian Dance 0.329 
1 Side Leaning Rest Test 0.324 
6 One Foot Touch Head Test 0.314 
15 Jump Reach 0.258 
14 Medicine B a l l Thrust 0.216 
8 Forward Hand Kick 0.200 
3 Side Kick Test 0.197 
10 Single Squat Balance 0.184 
2 F u l l Squat Arm C i r c l e Test 0.113 
7 Half Turn Jump 0.094 
163. 
TABLE TWENTY SEVEN 
(a) I n t e r - c o r r e l a t i o n s of Teat Items - Boys 
11 12 13 14 15 16 
1. Iowa Brace Items 0.421 0.524 0.536 0.274 0.489 0.441 
11. Speed Test 0.409 0.541 0.028 0.522 0.430 
12. P u l l .Ups 0.282 0.261 0.322 0.576 
13. St. Br. Jump 0.332 0.523 0.396 
14: Med. B a l l Thrust 0.269 0.176 
15. Jump Reach 0.265 
16. Press "r- Ups 
(b ) I n t e r - c o r r e l a t i o n s of 1 Test Items - G i r l s 
11 12 13 14 15 16 
1. Iowa Brace Items 0.450 0.367 0.341 0.105 0.215 0.384 
11. Speed Test 0.418 0.450 0.434 0.301 0.458 
12. P u l l Ups 0.321 0.306 0.260 0.460 
13. St. Br. Jump 0.335 0.319 0.312 
14. Med. B a l l Thrust 0.276 0.248 
15. Jump Reach 0.222 
16. Bench Press U ps 
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X 
Lindquist's table of the value of correlation c o e f f i c i e n t s 
required for significance at the f i v e per cent and one per cent 
l e v e l s was used to t e s t the significance of Tables Twenty f i v e 
and Twenty s i x . This resulted i n the immediate elimination of 
the half-turn .jump t e s t from both batteries as the correlations 
obtained were not s i g n i f i c a n t at either l e v e l . The fu l l . s q u a t 
arm c i r c l e t e s t was eliminated from the g i r l s ' battery for the 
same reason. I t w i l l be seen from the phase one table of r e s u l t s 
of the f a c i l i t y and discrimination t e s t s , (Page 128), that these 
items did not show up well from the s t a r t . The elimination of 
only one t e s t from the boys' battery and two from the g i r l s 1 , 
on the stated grounds, gave the author the chance to balance the 
batteries by eliminating the three dip t e s t from the boys 1 Iowa 
Brace items for quite differ e n t reasons, even though i t s 
s t a t i s t i c a l r e s u l t s were good. 
I t had become apparent that the s i m i l a r i t y between t h i s 
item and the press ups t e s t of battery Number 2 was a disadvantage 
for two reasons:-
(a) In the necessary coaching of battery Number 2 items, given 
before the te s t s were administered, practice was obtained 
contrary to the rules of the Iowa Brace t e s t . 
(b) At the age of eleven plus, the item became very d e f i n i t e l y 
a t e s t of strength.for some boys rather than of co-ordination, 
X See " S t a t i s t i c a l Analysis i n Educational Research", by 
E.F. Lindquist. Reference No. 95. Page 212. Table 13 
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which was i t s stated purpose. 
A l l the remaining fourteen items were found to he 
X L 
s i g n i f i c a n t at the one per cent l e v e l of confidence. A check 
was now made, by leaving out the t e s t item i n each battery 
possessing the lowest c o e f f i c i e n t of correlation with the 
c r i t e r i o n and computing the new c o e f f i c i e n t of correlation 
between the c r i t e r i o n and the remaining t e s t s . In the b oys ' 
battery t h i s immediately made a s i g n i f i c a n t difference and so 
the t e s t ( t e s t No. 5) was reinstated. I n the g i r l s ' battery, 
item IT o. 10 could well have been eliminated, but as the 
leaving out of the next lowest correlation ( t e s t No. 3) did 
s i g n i f i c a n t l y a f f e c t the r e s u l t , i t was l e f t i n to balance the 
halves of the Iowa Brace section i n the f i n a l battery. This 
now consisted of two parts:-
(a) The eight remaining Iowa Brace items, f i v e of which are 
common to both b a t t e r i e s . 
(b) The f u l l t e s t battery Number 2. 
In working out the norms of the f u l l Iowa Brace Tests 
X2. X3. 
for the B r i t i s h Sample, and l a t e r the f a c i l i t y indices, i t 
had become obvious that the scores' gained by the sample were 
higher than was desirable, thus reducing the e f f i c i e n c y of the 
present t e s t battery. The opportunity was now taken to adjust 
XI. Extract from Lindquist's table for convenience of the reader: 
N 5$ 1$ 
200 07l39 07182 
400 0.098 0.128 
X2. See Page 129. Table Seven. 
X3. See Page 145 l i n e 8. 
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the scoring system to bring the mean scores down nearer the 
50$ l e v e l and at the same time improve the discrimination of 
t h i s part of the battery. At the same time the author was 
keeping i n mind the question of whether or not i t would be 
necessary to complicate the scoring system and administration 
of the t e s t battery by using a multiple regression equation 
to weight each sub t e s t . The method f i r s t considered was to 
weight those t e s t items which had been shown to be most 
e f f i c i e n t for the purposes of the test, i n a quite a r b i t r a r y 
manner, by scoring them out of three instead of out of two, 
thus:-
(1) In the boys' t e s t the following items were scored out of 
3, with a score of !§• for success at the second attempt:-
(a) Item number four, which had been shown to have a f a c i l i t y 
index of 49.27, a discrimination index of 0.38 and a 
correlation of 0.321 with the c r i t e r i o n . 
(b) Item number f i v e , P - 40.17, D - 0.53, r = 0.201 
(c) Item number nine, F = 57.58, D = 0.61, r = 0.395 
(d) Item number ten, P = 35.56, D - 0.58, r • 0.292 
(2) S i m i l a r l y i n the g i r l s ' t e s t : -
(a) Item number four, P = 50.69, D - 0.55, r = 0.479 
(b) Item number f i v e , P = 52.57, D - 0.58, r. = 0.329 
(c) Item number ejght, P - 52.22, D = 0.64, r = 0.200 
(d) Item number nine, P • 46.52, D - 0.59, r • 0.394 
This a r b i t r a r y method of weighting, somewhat fo r t u i t o u s l y 
i t i s admitted, worked very well i n p r a c t i c e . As the 
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X — v a l i d a t i o n r e s u l t s show a high correlation with the c r i t e r i o n 
for the whole t e s t with t h i s simple system i n operation, i t was 
not considered necessary to introduce a more complicated 
weighting system. The order of performance of the Iowa Brace 
items i n the f i n a l battery now became:-
Boys: 1, 7, 4, 5, 6, 8, 9, 10. 
G i r l s : 1, 3, 4, 5, 6, 10, 8, 9. 
P u l l d e t a i l s of the f i n a l battery are -included i n iCh&pter-.X;.. 
The Validation S t a t i s t i c s . 
The va l i d a t i o n sample being of the nature described 
e a r l i e r i n the present chapter, i t was r e a l i z e d that i t would 
not be good enough to calculate the f u l l v a l i d i t y of the t e s t 
i n terms of the c r i t e r i o n by simply adding together the various 
obtained correlations and finding the average. The method 
followed was to use the product-moment method of calculating 
the v a l i d i t y of the t e s t i n each of the groups and then to 
pool the whole available information by means of Fisher's "z" 
transformation (101), thus at the same time i t was possible to 
t e s t for significance of the pooled correlation c o e f f i c i e n t . 
Results of these calculations follow i n Tables Twenty eight and 
Twenty nine. 
X See pages 168 and 169 
TABLE TWENTY EIGHT 
The Validation Sample - Boys 
N - 402 
Pooled Estimate of the Correlation "between the 
F u l l Test Battery and the C r i t e r i o n . 
= 1.15 log { } + r \ 
Ref. No. r N Z (N-3) Z(N-3) 
Bl 0.873 33 1.334 30 40.020 B2 0.824 33 1.167 30 35.010 
B3 0.824 27 1.167 24 28.008 B4 0.807 28 1.118 25 27.950 B5 0.863 18 1.304 15 19.560 B6 0.887 28 1.406 25 35.150 B7 0.672 16 0.814 13 10.582 B8 0.727 30 0.927 27 25.029 
B9 6.867 32 1.319 29 38.251 BIO 0.864 28 1.307 25 32.675 
B l l 0.893 16 1.435 13 18.655 B12 0.662 36 0.795 33 26.235 
B13 0.646 35 0.768 32 23.576 
B14 0.849 42 1.250 39 48.750 
402 360 409.451 
Pooled Z - 409.451 = 1.137 • 
360 
now since Z = 1.15 log (-LiLS) 
1— r we have log ( l J*~ r) - 1 , 1 5 7 = 0.9887 1 - r 1.15 .\ I f r ~ 9.743 
1-r 
.'. The pooled value of r m 0.814 
But Z i s distributed with a Standard error of 1 
7 3 6 0 " 
or 1 or 0.053- The observed value of Z i s 
18.974 
over 20 times i t s standard error and highly s i g n i f i c a n t . 
TABLE TWENTY NINE 
The Validation Sample - G i r l s 
N - 239 
Pooled Estimate of the Correlation between the 
F u l l Test Battery and the Cr i t e r i o n . 
z - 1.15 log 1 - r 
Ref.No. r N Z (N-3) Z(N-3) 
Gl 0.858 33 1.283 30 38.490 G2 0.643 32 0.762 29 22.098 
G3 0.912 34 1.538 31 47.678 
G4 0.564 31 0.638 28 17.864 
G5 0.825 30 1.171 27,. 31.617 
G6 0.870 31 1.330 28 37.240 
G7 0.726 30 0.919 27 24.813 
G8 0.716 18 0.898 15 13.470 
239 215 233.270 
Pooled Z = 233.27 = 1.085 
215 
Calculating as 
i n Table 28: log (14- r ) = 
1 - r 
.*. 1 + r = 8.782 (1 
r = 0.796 
Z i s distributed with a standard error of 1 or 0.068 
.". the observed value of Z i s 16 times i t s standard 
1.085 = 0.9436 
1.15 
- r ) 
error and therefore highly s i g n i f i c a n t . 
TABLE THIRTY 
Natural H istogram showing Distribution of 
Scores Gained by Boys' Validation Sample on 
F i n a l Test Battery. - N - 402 
Maximum raw score possible i s 80. 
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TABLE THIRTY ONE 
Natural Histogram showing Distribution of 
Scores Gained by: 
(a) G i r l s ' Validation Sample - N = 239 
(b) Validation Sample plus 69 scores 
received too la t e for inclusion i n other 
Calculations - N • 508 








General Observations on the Test Battery 
The following points, learned during the author's 
experience i n the administration of many t e s t s , may be of 
in t e r e s t : -
(a) There i s no doubt that the vast.majority of pupils tested 
t r i e d t h e i r l e v e l best to "succeed". Much i n t e r e s t was created 
i n the various schools concerning the purpose of the t e s t s . 
The f a c t that many schools were taking part seemed to make the 
boys and g i r l s even more determined.. As pupils were allowed 
to carry round t h e i r score sheets they learned t h e i r own scores 
and these soon begain to have "prestige value". Teachers 
reported that, after the t e s t s were completed, pupils asked 
for the c i r c u i t to be set up again so that they could either (1) 
try to reach the maximum score, or (2) improve the score they 
had got. Many children were observed trying to perform the 
Iowa Brace movements i n the school yards. Summing up the 
author has l i t t l e doubt that maximal eff o r t was obtained. 
(b) There i s very l i t t l e danger of inju r y to any pupil i n 
performing the t e s t s . The apparatus required i s very elementary, 
and the only m i s s i l e used, (the 5 l b s . medicine b a l l ) , t r a v e l s 
such a short distance that simple safety precautions prevent 
accidents. I n a l l h i s experience the author saw only one 
careless boy struck by the b a l l and then he was not injured. 
One or two of the floors used were i n poor condition and i t 
i s just as well that the author i n s i s t e d on plimsolls being 
worn for the t e s t s , as jumping events on t h i s type of floor 
would have been painful, i f not dangerous, i n bare f e e t . 
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One g i r l , a rather obese, heavy limbed type, i n 
performing the speed t e s t became dizzy, causing the t e s t to be 
stopped. The author was afterwards on the look out for t h i s 
happening again, but fortunately no one else was affected i n 
thi s way. 
(c) Although the instructions seemed clear and foolproof, i t 
i s admitted that some of the du l l e r children found some of the 
items d i f f i c u l t to grasp. I t i s obviously better to aim at 
equality of comprehension rather than to s t i c k r i g i d l y to the 
single explanation where genuine cases of doubt occur. 
(d) Glover (5) noticed that i n the strength t e s t s an interven-
-ing variable of courage or persistence was evident, e s p e c i a l l y 
i n the r e t e s t s . I t i s worthy of note that the press ups test 
scores lowest on r e l i a b i l i t y i n both boys 1 and g i r l s ' tables. 
(e) There was no evidence of undue fatigue being caused by the 
t e s t s . The te s t s of battery Number two were arranged i n a 
balanced sequence by the author. Even where t h i s sequence was 
not s t r i c t l y followed, ( i n one case the press up test followed 
the p u l l up t e s t ) , only a few boys would admit that t h e i r arms 
ached and none showed d i s t r e s s . 
( f ) I t i s e s s e n t i a l that care i s taken with the observation 
of r e s u l t s . One of the weaknesses of the t e s t battery i s that 
i t s r e s u l t s depend i n some cases on accurate observation. Close 
supervision over the scoring, by a minimum of two teachers, i s 
desirable where the class i s large. The author found i t necessary 
with some c l a s s e s , where another teacher was not available, to 
have the assistance of a senior boy or g i r l to supervise the 
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scoring of the t e s t items of battery Number two. I f the t e s t 
i s to be successful i t w i l l have to be regarded seriously as a 
t e s t and not a lesson, so that the scoring system can be 
properly supervised. 
(g) The enthusiasm and manner of presentation of the administ-
-rator i s an e s s e n t i a l part of the success of the t e s t battery. 
In a group mental t e s t the usual major function of the 
administrator i s to put the testees at t h e i r ease. Here, h i s , 
or her main function I s to present the t e s t s c l e a r l y , accurately 
and keenly, e s p e c i a l l y where coaching and demonstration are 
required. 
(h) I t became apparent during the t e s t s that c e r t a i n parts had 
p o s s i b i l i t i e s of use i n other spheres. Certainly a group from 
battery Number two may make a useful motor f i t n e s s t e s t . The 
medicine b a l l thrust may give an indication of a b i l i t y In shot 
putting. The jumping and speed te s t s have f a i r l y obvious 
potential applied to a t h l e t i c s . 
( i ) As a matter of i n t e r e s t , when a small group of twenty 
educationally sub normal children was being tested, whose I.Q.'s 
were accurately known, the opportunity was taken to correlate 
the I.Q.'s with the t e s t score. The resultant r of 0.38 was 
not s i g n i f i c a n t at either the 5% or 1% l e v e l . 
F a c t o r i a l Analysis 
None of the items of the f i n a l t e s t battery are o r i g i n a l 
movements, indeed one would fi n d i t d i f f i c u l t to devise a new 
form of movement for the human frame. I n the 1930's researchers 
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using Thurstone's methods made many f a c t o r i a l analyses, which 
have been f u l l y reported i n Chapters IV and V of the present 
study. The author accepts the findings of these analyses, i n 
f a c t the o r i g i n a l group of t e s t s was chosen mainly by following 
t h e i r guidance, seeking a. combination of tests which had been 
previously shown to measure the factors which the author claims 
make up the prescribed area of investigation. 
Esther Cope (74) did the c l a s s i c f a c t o r i a l analysis 
on the Iowa Brace items i n 1938 when she i d e n t i f i e d the 
following s i x factors, (1) Dynamic energy, (2) f l e x i b i l i t y , 
(3) balance, (4) semi-circular canal balance, (5) insight into 
the nature of the s k i l l , (6) arm control. The items chosen 
by the author from the l i s t of Iowa Brace items were those 
which showed the highest loadings i n factors ( 2 ) , ( 3 ) , ( 4 ) , (5) 
and ( 6 ) . Wo one claims yet to have isolated a pure factor of 
motor educability, which i s presumed by McCloy to consist of at 
l e a s t twenty f i v e separate f a c t o r s . 
Press ups, p u l l ups and a very s i m i l a r form of the 
medicine b a l l thrust t e s t were included i n Glover's 1954 
f a c t o r i a l analysis ( 5 ) . He used Thurstone's multiple factor 
method and found i t necessary to carry out four rotations before 
a r r i v i n g at the most s a t i s f a c t o r y solution. Press ups (0.6567) 
and p u l l ups (0.6626) had the highest loadings i n "dynamic arm 
and shoulder strength", whilst the medicine b a l l thrust (0.5744) 
was found to have a high loading of Glover's factor I I , assumed 
to be "power" of arm and shoulder muscles. 
The standing broad jump was shown by Larson's 1941 
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analysis (45) to contain a high loading of dynamic leg strength 
(0.6187). I n addition both Larson (0.6069) and Glover (0.6658) 
found that variations of the jump reach t e s t had high loadings 
of a factor which was obviously that which the author would 
c a l l power. 
The speed t e s t i n i t s present form has not received 
the same attention as the others, because t h i s form i s the 
author's own invention. Similar t e s t s have been shown, as would 
be expected, to contain high loadings of a factor variously 
c a l l e d speed or v e l o c i t y of legs and feet, or speed of muscular 
contraction. I n view of the c l e a r evidence of these previous 
researches concerning thirteen of the fourteen items of the 
f i n a l battery, there seemed to be l i t t l e point i n carrying out 
a factor a n a l y s i s . 
X 
R e l i a b i l i t y of Test Battery Number 2 
An estimate of the r e l i a b i l i t y of Test Battery No.2 
was calculated by the t e s t - r e t e s t method using part of the 
validation sample. Four attempts having been allowed at each 
i t W , the better of the f i r s t two scores was correlated with the 
better of the second two: 
r t t . N M S.D. 
Boys: 0.927T*" 0.013) 121 42.11 12.07 
G i r l s : 0.898 ("±" 0.018) 117 42.36 10.22 
X For R e l i a b i l i t y Coefficients of Iowa Brace Items See P.153 
C H A P T E R IX 
SUMMARY OF CONCLUSIONS 
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Summary of Conclusions. 
1. The main aim of the study, to construct a t e s t battery 
capable of measuring accurately the gross motor a b i l i t y of 
boys and g i r l s who have ju s t entered the secondary stage of 
thei r education, has been achieved. The battery has been 
shown to be r e l i a b l e and v a l i d . 
2. The battery i s designed to provide a useful assessment of 
the a b i l i t y of new entrants to a l l types of secondary school. 
The second part of the battery could also gauge progress and 
show d e f i c i e n c i e s , i f p e r i o d i c a l l y applied. 
3. The usefulness of the t e s t w i l l be much diminished i f 
attempts are not made to remedy de f i c i e n c i e s brought out 
in c i d e n t a l l y by the second part of the battery. In t h i s 
sense the t e s t could be useful i n planning a suitable 
curriculum. 
4. The author endorses Glover's b e l i e f that, with the present 
trend of schools becoming bigger and bigger, there i s a 
need for homogen eous grouping to gain the maximum reward 
from physical education. The t e s t battery i s c e r t a i n l y 
accurate enough to indicate homogeneous groups. 
5. The secondary aim, that of examining the p o s s i b i l i t i e s 
of measuring motor educability within the chosen f i e l d of 
study, has been carried out. By an appraisal of past 
research a suitable t e s t was selected, examined s t a t i s t i c a l l y , 
using a comprehensive B r i t i s h sample, and norms, i n the form 
of "T" scores, established. 
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6. An a u x i l i a r y experiment was c a r r i e d out, consisting of 
two parts, i n which percentage improvements i n the perform-
-ance of gymnastic s k i l l s a f t e r s i x month's practice was 
correlated against Iowa Brace Scores. Correlations of 
0.62S 0.074) and 0.674 0.069) were obtained, demonst-
-rating that the t e s t i s a f a i r l y v a l i d measure of motor 
educability. There i s an urgent need for a t e s t which w i l l 
measure motor educability with a higher degree of accuracy. 
7. The distributions i n the arm strength t e s t s present a 
p o s i t i v e l y skewed picture, suggesting that the t e s t s are 
too hard. The author was unable to f i n d any simple dynamic 
arm strength t e s t s which did not exhibit t h i s c h a r a c t e r i s t i c . 
8. The present study only scratches at the surface of t h i s 
vast f i e l d . There i s a need for more research into such 
topics as:-
(a) The effects of personality t r a i t s on the rate of gross 
motor learning and the relationship of these t r a i t s to 
motor a b i l i t y . 
(b) The. reasons for the apparent arm strength deficiency i n 
B r i t i s h schoolchildren of t h i s age. 
(c) A comparison of the effects of mental and physical 
practice i n the learning of gross motor s k i l l s . 
(d) The adequacy of physical education i n meeting present 
day needs. 
(e) The e f f e c t s of homogeneous grouping on the progress 
made by children i n physical education. 
C H A P T E R X 
The Final Battery, Instructions f o r Administration 
and a Conversion Table f o r changing Raw Scores 
to Normalized Standard Scores. 
181. 
General Notes 
1. I t w i l l be appreciated that to make the tests e f f e c t i v e , 
as high a standard of measurement as possible i s essential. 
2. I t i s considered necessary f o r the t e s t administrator to 
"have a go" at the Iowa Brace Items p r i v a t e l y before introducing 
them to the children, as some of them may be found d i f f i c u l t to 
demonstrate. An al t e r n a t i v e to t h i s i s to teach.a demonstrator. 
3. Scoring sheets, made up as i n diagram, and pencils f o r 
recording the scores are needed f o r a l l the t e s t s . 
-
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4. The pupils record t h e i r attempts at the items as indicated 
on the follo w i n g pages. The raw scores are calculated by the 
administrator according to the scoring instructions and converted 
i n t o "T" scores by means of the conversion table on page 190. 
5. The Iowa Brace items f i n a l l y chosen are repeated here f o r 
the convenience of the reader, and to avoid confusion over the 
numbers. Explanations of the Iowa Brace items are to be found 
on pages 88 to 100, and of the items of Battery number 2 from -
page 107 to 114.* Photographs of the tests are included between 
the pages named. 
6. I f the f u l l Iowa Brace tes t i s used as a measure of motor 
educability, i t i s suggested that the B r i t i s h norms recorded 
on page 129 should be employed. 
7. I n a normal sized class (say of about 30) the Iowa Brace 
items take about t h i r t y minutes to administer. The preliminary 
practice of the test battery Number 2 should be of t h i r t y 
minutes duration, 5 minutes on each of the te s t s . The average 
time f o r the administration of the two t r i a l s of t e s t battery 
Number 2 i s about one hour. The t o t a l time required f o r the 
whole test i s therefore two hours. 
8. I t i s advisable to have a colleague or suitable senior 
pupils to supervise the recording and at the same time give 
advice where necessary. 
183. 
X Battery Number 1. 
(Eight of the Iowa Brace Items) 
1. Range performers six to eight feet apart i n double l i n e s 
X X 0 0 
X X 0 0 
2. Provide each performer with pencil and score"blank. Have 
each performer f i l l i n his name, class and school, and then 
exchange i t w i t h the p u p i l opposite him i n the other l i n e . 
3. Explain the test and now to score i t : 
"We are going to take a t e s t , made up of eight parts - some 
are easy, some hard, probably none of you w i l l be able to 
do them a l l . 
You w i l l record the performances of each other. 
The persons i n one l i n e w i l l do four tests scored by 
partner. The performers and recorders w i l l then be a l t e r -
-nated and the second l i n e w i l l do a l l eight t e s t s . The 
o r i g i n a l performers w i l l then complete the t e s t . 
Two t r i a l s w i l l be allowed f o r each. 
I f partner does tes t correctly f i r s t time put X i n column 
one, i f he f a i l s put 0. 
Only i f he f a i l s give second chance, i f he then i s success-
f u l place X i n second column. I f he f a i l s again place 0 
i n second column. 
DO NOT PERMIT PARTNER TO PRACTISE THE TEST. 
In some tests you w i l l have to count time, do i t t h i s way -
one thousand, two thousand, three thousand. 
When you have done a t e s t c o r r e c t l y or had two t r i e s , s i t 
on the f l o o r so that I w i l l know you are ready f o r next. 
When you are scoring your partner do not practise, watch 
the person you are scoring and pay no at t e n t i o n to anyone 
else." 
X' Following the lines suggested by McCloy. Ref.8, page 92. 
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-4. Then 
Demonstrate stunt ( i ) using standard i n s t r u c t i o n s , also 
reading the i n s t r u c t i o n s . 
Don't forget to demonstrate what w i l l cause f a i l u r e and 
say score t h i s 0 followed by correct demonstration which 
w i l l be scored X. 
N otes on the Iowa-Brace Test Items 
1. Some of the tests i n boys' section d i f f e r from those 
i n g i r l s ' section. The tests must be done i n the 
order shown. 
2. The e f f e c t of practice makes a big difference t o test 
r e s u l t s , so i t i s essential that the t e s t be administ-
-ered exactly according to i n s t r u c t i o n s . 
Test Items - Boys 
1. One-foot-touch-head t e s t . Stand on l e f t f o o t . Bend trunk 
forward and place both hands on the f l o o r . Raise r i g h t leg, and 
extend i t backv*ard. Touch head to the f l o o r , and return to the 
standing p o s i t i o n without losing the balance. Failure: (a) not 
to touch the head to the f l o o r ; (b) to lose the balance. 
Score 2 f o r success i n f i r s t t r i a l , 1 f o r success i n second 
t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
2. Grapevine t e s t . S tand w i t h heels together. Bend trunk 
forward, extend both arms down between legs and behind ankles, 
and hold fingers of hands,together i n f r o n t of ankles. Hold 
t h i s p o s i t i o n for. f i v e seconds. Failure: (a) to lose the 
balance; (b) not to hold fingers of both hands together; (c) 
not to hold the p o s i t i o n f o r f i v e seconds. 
Score 2 f o r success i n f i r s t t r i a l , 1 f o r success i n second 
t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
3. Top Test. S i t , w i t h lower legs flexed, on the f l o o r . Put 
arms between legs, and under and behind knees, and grasp ankles. 
Roll r a p i d l y around to the r i g h t , w i t h the weight f i r s t over 
r i g h t knee, then over r i g h t shoulder, then on back, then on l e f t 
shoulder, and then on l e f t knee. S i t up, facing i n the opposite 
d i r e c t i o n from which the t e s t was started. Repeat the movements 
from t h i s p o s i t i o n , and f i n i s h facing i n the same d i r e c t i o n from 
which the te s t was started. Failure: (a) to release the hold 
of ankles; (b) not to complete the c i r c l e . 
185 
Score 3 f o r success i n f i r s t t r i a l , 1^ f o r success i n 
second t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
4. Double-heel-click t e s t . Jump upward, clap feet together 
twice, and land w i t h feet apart (any distance). Failure: (a) 
not to clap feet together twice; (b) to land w i t h feet touching 
each other. 
Score 3 f o r success i n f i r s t t r i a l , 1^ f o r success i n 
second t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
5. Side-leaning-rest test-. S it on the f l o o r , w i t h lower legs 
extended, and feet together. Put r i g h t hand on the f l o o r 
behind body. Turn to the r i g h t , and take a side leaning-rest 
p o s i t i o n , r e s t i n g the body on r i g h t hand and r i g h t f o o t . Raise 
l e f t arm and l e f t leg, and hold t h i s p o s i t i o n f o r f i v e counts. 
Failure: ( a ) not to take the proper p o s i t i o n ; (b) not to hold the p o s i t i o n f o r f i v e counts. 
Score 2 f o r success i n f i r s t t r i a l , 1 f o r success i n 
second t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
6. Full-squat-arm-circles t e s t . Take a f u l l - s q u a t p o s i t i o n , 
w i t h arms sideward to the l e v e l of shoulders. Wave arms so 
that each hand makes a c i r c l e of about one foot i n diameter, 
and at the same time j i g g l e body up and down. Continue the 
performance f o r ten counts. Failure: (a) to move fe e t ; (b) to 
lose the balance; (c) to touch the f l o o r w i t h any other part of 
body than f e e t ; (d) not to move hands i n a c i r c l e ; (e) not 
to j i g g l e up and down. 
Score 2 f o r success i n f i r s t t r i a l , 1 f o r success i n 
second t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
7. Kn eel-.jump-to-feet t e s t . Kneel on both knees. Rest backs 
of toes on the f l o o r . Swing arms, and jump to the standing 
p o s i t i o n . Do not rock backward on toes, or lose the balance. 
Failure: (a) to c u r l toes and to rock backward on them; (b) not 
to execute the jump, and not to stand s t i l l a f t e r the standing 
p o s i t i o n has been reached. 
Score 3 f o r success i n f i r s t t r i a l , l | r f o r success i n 
second t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
8. Russian Dance.test. Squat. Raise one leg forward. Perform 
a Russian dance step by extending legs a l t e r n a t e l y while i n a 
squat p o s i t i o n . Perform four such steps, that i s , two w i t h 
each leg. Heel of forward foot may touch the f l o o r . Heel of 
rear foot should s t r i k e hip on that side. Failure: (a) to 
lose the balance; (b) not to do the stunt twice w i t h each leg. 
Score 3 f o r success i n f i r s t t r i a l , f o r success i n 
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second t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
Note.: Please remember that most of the item numbers have been 
changed: 2 was o r i g i n a l l y 7; 3 was o r i g i n a l l y 4; 4 was o r i g i n -
a l l y 5j 5 was o r i g i n a l l y 6; 6 was o r i g i n a l l y 8; 7 was o r i g i n a l l y 
9; 8 was o r i g i n a l l y 10). 
The maximum possible raw score i s 20. 
Test Items - Girls 
1. Side-leaning-rest t e s t . - See Boys No.5. 
Score 2 f o r success i n f i r s t t r i a l , 1 f o r success i n second 
t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
2' Side-kick t e s t . ' Swing l e f t leg sideways to the l e f t , jump-
-ing upward w i t h r i g h t leg. Strike feet together i n the a i r , 
and land with f e e t apart. Feet- should s t r i k e together i n a 
l i n e that would go t o " t h e ' l e f t of l e f t shoulder. Failure: (a) 
not to swing leg enough to the side; (b) not to s t r i k e feet 
together i n the a i r , to the l e f t of the l i n e of l e f t shoulder; 
(c) not to land w i t h feet apart. 
Score 2 f o r success i n f i r s t t r i a l , 1 f o r success i n second 
t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
3. ' Top t e s t . - See Boys No.3. 
Score 3 f o r success i n f i r s t t r i a l , l i j r f o r success i n 
second t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
4. Russian Dance t e s t . - See Boys No. 8. 
Score 3 f o r success i n f i r s t t r i a l , 1% f o r success i n 
second t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
5. One-foot-touch-head t e s t . - See Boys No.l. 
Score 2 f o r success i n f i r s t t r i a l , 1 f o r success i n 
second t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
6. Single-squat-balance t e s t . Squat on either f o o t . With 
hands on hips, raise one leg forward. Hold t h i s p o s i t i o n f o r 
f i v e counts. Failure: (a) to remove hands from hips; (b) to 
touch the f l o o r w i t h raised leg; (c) not to hold the balance 
f o r f i v e seconds. 
Score 2 f o r success i n f i r s t t r i a l , 1 f o r success i n 
second t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
7. Forward-hand-kick t e s t . Jump upward, swinging legs forward. 
187. 
Bend trunk forward, and touch toes w i t h both hands before landing. 
Keep lower legs i n as s t r a i g h t a l i n e as possible w i t h upper 
legs. Failure: (a) not to touch toes w i t h both hands before 
landing; (b) to bend lower legs more than f o r t y - f i v e degrees. 
Score 3 f o r success i n f i r s t t r i a l , 1^ f o r success i n 
second t r i a l having f a i l e d f i r s t , • 0 f o r f a i l u r e i n both. 
8. Kneel-,jump-to-feet t e s t . - See Boys No. 7. 
Score 3 f o r success i n f i r s t t r i a l , 1^ f o r success i n 
second t r i a l having f a i l e d f i r s t , 0 f o r f a i l u r e i n both. 
Note: Please remember that most of the item numbers have been 
changed: 1 was o r i g i n a l l y 2; 2 was o r i g i n a l l y 3; 3 was o r i g i n a l l y 
4; 4 was o r i g i n a l l y 5; 5 was o r i g i n a l l y 6; 6 was o r i g i n a l l y 10; 
7 was o r i g i n a l l y 8; 8 was o r i g i n a l l y 9. 
The maximum possible score i s 20. 
188. 
Battery Number 2. 
1. The six tests i n the battery require t h a t , where practicable, 
apparatus be l a i d out i n the foll o w i n g manner, so that the time 
taken to administer the t e s t i s kept to a minimum. I t should 
not a f f e c t the results of the t e s t unduly i f the layout i s not 
practicable, but i t is suggested that the p u l l ups and press ups 
tes t should not.follow each other consecutively. 
CO tt>) \ / I I I I I I (A) 
J i •(G); + «» (V) 
/ 
(A.) Item No. 1. Speed Test. - (See Page 107) 
Apparatus required: Eight bean bags, stop watch and 
marked out course. I f two sets of apparatus are 
available i t i s easy to te s t two performers at a time. 
(B.j Item No.2. Pull Up Test. - (See Page 108) 
Apparatus required: • Beam set 24 inches from the f l o o r . 
(C.) Item No. 3. Standing Broad Jump. - (See Page 109) 
Apparatus required: Start l i n e on f l o o r , long l i n e s 
marking o f f jumps i n 6" i n t e r v a l s from 3 f t . to 7 f t . 
from s t a r t l i n e , shorter lines d i v i d i n g i n t e r v a l s i n t o 
inches, a.measuring instrument and T square. 
(O.) Item N o.4. Medicine B a l l Thrust - (See Page 110) 
Apparatus required: Supply of 5 l b . medicine b a l l s , 
f i b r e or rubber mat, measuring apparatus s i m i l a r to 
that used i n te s t No. 3 from 1' 6" to 12' from the 
s t a r t l i n e . 
J 
189. 
(E. ) Item No. 5. Jump Reach. - (See Page 112) 
Apparatus required: Either measuring "board si m i l a r to 
the one designed by the author or another type as 
suggested on Page 112. 
(P.) Item No. 6. Press Ups. - (See Pages 113, 114) 
Apparatus required: boys - n i l , g i r l s - gymnastic 
benches• 
2. The performers are given t h i r t y minutes practice on the 
six items to f a m i l i a r i z e them with the tests and the way the 
apparatus i s set out. The best method of practice i s the one 
commonly used i n group work where the class i s s p l i t i n t o six 
groups, the groups moving to each piece of apparatus i n t u r n . 
Coaching i s allowed and i s necessary so that the t e s t may run 
smoothly. 
3. The performers are so arranged i n groups t h a t , as f a r as 
possible, the pairs used f o r te s t battery Number 1 may be 
u t i l i z e d . 
4. I n the te s t proper the same groups are used and two t r i a l s 
are allowed at each t e s t , the better of the two t r i a l s i s noted. 
The appropriate score i s then read o f f from the scoring tables 
(See pages 150 and 151) and recorded. 
5. The score cards are checked by the administrator to see 
that a l l the tests are completed. The raw scores are then 
calculated and the standard scores determined. 
190. 
Normalized Standard Scores 
Normalized standard scores are generally called T scores. 
T scaling was devised "by McCall (96) i n 1939, and consists of 
normalized standard scores converted i n t o a d i s t r i b u t i o n w i t h 
a mean of 50 and standard deviation of 10. Thus zero i s 5 
Standard Deviations below the mean and 100 i s 5 Standard 
Deviations above the mean. Prom t h i s i t w i l l be seen that the 
ends of the scale w i l l r a r e l y be used. I n actual practice T 
scores usually range from about 15 to 85. 
. Boys Girls Boys Girls 
; Score T Score T Score Test Score T Score T Scor 
80 — — 41 48 48 
79 - - 40 47.5 47 78 - - 39 47 46 77 - - 38 46 45 76 - - 37 45.5 44 75 - - 36 45 43.5 74 81 80 35 44 42.5 
73 80 77 34 43.5 41.5 
72 78 76 33 43 40.5 
71 76.5 75 32 42 40 
70 75 75 31 41.5 39 
69 74 74 30 40.5 37.5 
68 73 72.5 29 40 36.5 
67 72 71 28 39 35.5 
66 71.5 69 27 38 34.5 
65 71 68.5 26 37.5 34 
64 70 67 25 37 33 
63 68.5 66 24 36 32 
62 68 65 23 35 31 
61 66.5 64 22 34.5 30.5 
60 66 63.5 21 34 30.5 
59 65 63 20 33 28 
58 64 62.5 19 32 26.5 
57 63 62 18 31 25 
56 62 61 17 30 24 
55 61 60.5 16 29 22.5 
54 60 60 15 28 22.5 
53 58.5 59 14 27 22.5 
52 57.5 57.5 13 . 25 20.5 
51 56.5 57 12 24 20 
50 55.5 56 11 23 18 
49 54.5 55 10 22 -
48 53.5 54 9 20 -47 53 53 8 - -46 52 52 7 -45 51 51 6 -
44 50.5 50.5 5 - -43 50 49 
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